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EXECUTIVE SUMMARY 

The FMC Yakima Pit site consists of a 58,000 square foot area where pesticide 
dusts and liquids were processed between 1951 and 1986. From 1952 until 1969 
wastes associated with the pesticide processing were disposed of in an onsite pit. 
After 1969, waste materials were disposed of offsite. Liquid products were 
blended onsite in the 1970s using solvents, emulsifiers and stabilizers. Accidental 
releases ofthe liquid materials contaminated soil and concrete at the site. 

A Remedial Investigation (RI) was conducted at the site in 1988, and removal 
actions consisting of excavating, removing and disposing over 850 tons of 
contaminated soil were completed in 1988 and 1989. In 1990 a Record of 
Decision (ROD) for the site was implemented. The ROD addressed the 
contamination that remained in the process areas and some contaminated soil 
beneath the former disposal pit. The ROD specified removal of additional 
pesticide- and metal-contaminated soil, and some buildings and concrete 
stmctures. The soil excavation and stmcture demolition was completed between 
August and December 1992. Approximately one-third of excavated soil was 
cobble, which was determined to be clean and retumed to excavated areas. The 
balance of the soil was incinerated or disposed offsite as hazardous waste. The 
ROD specified a groundwater monitoring program be implemented to monitor the 
effect ofthe contaminant source removal on groundwater (Bechtel, 1994). 

The groundwater monitoring program has been conducted by ERM since 
December, 1993 on a quarterly basis. During 1993, quarterly monitoring was 
completed by others. The program has shown that since completion of the 
removal actions, the following pesticide compounds that were previously present 
in groundwater are no longer detected. 

• Endrin-series compoimds last detected in March, 1995; 

• Dicofol, ovex, and perthane last detected in June, 1994. 

• 4,4-Methoxychlorlastdetectedin April, 1994; 

• Heptachlor epoxide last detected in July, 1993, and heptachlor last detected in 
April, 1993; 

• Chlordane last detected in August, 1992; and, 

• Toxaphene and captan last detected in March, 1991. 

Pesticides that continue to be detected in groimdwater are the organochlorine 
pesticides DDT, aldrin, dieldrin and endosulfans. Of these compounds, only 
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dieldrin and DDT are present at concenfrations that exceed risk-based (10"* cancer 
risk) concenfrations. 

This report evaluates the groundwater monitoring data collected to date at the site. 
The extent and seasonal fluctuation in concenfration of the organochlorine 
pesticides still present in groundwater is evaluated. The transport mechanisms 
that effect organochlorine pesticides in groundwater at the site are discussed, and 
the ultimate fate of these compounds is determined. 

Results of these evaluations suggest that the extent of the organochlorine 
pesticides still present at the site is stable (i.e., plume positions are not moving). 
A seasonal fluctuation in concenfrations, caused by recharging irrigation water 
that increases groundwater elevations, is apparent. 

There is minimal potential of risk to human health or the environment from these 
compounds in groundwater provided there is a restriction of on-site use of 
groundwater. Because of the minimal potential risk, and the stability of the 
contaminant plumes, the following recommendations are made. 

• Institutional controls restricting the use of site groundwater should be 
implemented. 

• Groundwater monitoring should be continued at the site until organochlorine 
pesticide compounds still present in groundwater at the site are no longer 
detected. The frequency of sampling, and number of wells sampled, however, 
should be reduced to reflect the limited area of risk-based exceedances. 
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SECTION 1.0 

INTRODUCTION 

FMC Corporation (FMC) has completed the removal of approximately 6,000 
cubic yards of soil and on-site incineration of approximately 3,800 cubic yards of 
soil at FMC's former agricultural chemical site in Yakima, Washington. This 
work was conducted following the Remedial Action Work Plan (dated Januairy 30, 
1992) approved by the United States Environmental Protection Agency (USEPA) 
pursuant to the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) Record of Decision (ROD). The ROD requires FMC to 
conduct a five-year groundwater monitoring program to demonsfrate the 
effectiveness ofthe site remedial actions. 

To satisfy requirements for groundwater monitoring during various stages of the 
site investigation, FMC installed a network of monitoring wells. Fourteen rounds 
of sampling have been completed to satisfy the ROD requirement. Quarterly 
monitoring was completed for four years; currently sampling is completed semi
annually. All sampling events have been conducted as described in the report 
entitled Long-Term Monitoring Plan (ERM, June 1994). Analytical results of 
these sampling events, as well as results from previous sampling events, are 
presented in Appendix A. 

This report evaluates the groundwater monitoring data collected to date. The 
objective of this evaluation is to support the FMC and USEPA 5-year review of 
the groundwater monitoring program. The format ofthe report is as follows: 

Section 1.0 Introduction 

Section 2.0 Potential Source Area Analysis 

Section 3.0 Fate and Transport 

Section 4.0 Data Evaluation 

Section 5.0 Conclusions 

1.1 Site Background 

The former FMC Yakima pesticide formulation facility is located at Four West 
Washington Avenue (Figure 1-1), approximately 1 mile east of the Yakima 
Municipal Airport in Yakima, Washington. The site consists of a 58,000-square-
foot fenced area leased from the Union Pacific Railroad. FMC operated the 
facility from 1951 to 1986. Waste materials and an estimated 2,000 pounds of 
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various chemicals were dumped into an on-site disposal pit between 1952 and 
1969. 

A preliminary investigation was conducted for USEPA in 1982, and the site was 
subsequently placed on the National Priorities List (NPL). An Administrative 
Order issued by the State of Washington in 1983 required a study ofthe former 
disposal pit area. USEPA issued a Consent Order in 1987 requiring an RI/FS for 
the site. The RI/FS was followed by FMC's removal of the pit contents in two 
phases between 1988 and 1989. A Superfund Record of Decision (ROD) was 
issued in 1990 to specify selected remedies to address residual site contamination. 
Subsequent remedial actions included removal of additional contaminated soil and 
concrete as well as groundwater monitoring. 

Stmctures remaining on the site include an office building, a warehouse with 
loading dock, and a parking lot. The property was sold by the railroad in 1992. 
The site currently contains an active metal fabrication facility and parking lot. 
Figure 1-2 shows these stmctures, the location ofthe former disposal pit, and the 
groundwater monitoring wells. 

1.2 E n v i r o n m e n t a l Sett ing 

The former FMC Yakima site slopes to the southeast with a grade of less than one 
percent. The property is outside the 500-year flood plain ofthe Yakima River 1.5 
miles east of the site and Wide Hollow Creek, which is approximately 1 mile 
south of the site. No surface water bodies or wetlands exist on the property. 
Vegetation within the fenced site is limited to weedy forbs and grasses. 

1.3 Remedial Objectives 

The remedial objective ofthe groundwater monitoring program is to demonsfrate 
that previous remedial actions on the site have been successful in protecting 
human health and the environment. The ROD specified soil cleanup levels for 
dieldrin, endosulfans and DD-series compounds (DDD, DDE, and DDT) along 
with a number of additional compounds. ROD specified cleanup levels have been 
attained for all site soils with the exception of areas discussed in Section 2.0. In 
addition, the ROD specified a five year groundwater monitoring program to 
evaluate and confirm contaminant source removal. 

In accordance wath provisions of the ROD, the Yakima groundwater monitoring 
program is intended to determine if: 

• Health-based concentrations of chemicals are achieved; 
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• Chemical concenfrations show a declining frend; and 

• Sources of groundwater contamination have been removed. 

When the ROD was issued, pesticide constituents of concem in groundwater were 
endosulfans and DD-series compounds (DDD, DDE, and DDT). Since the ROD 
was issued the non-carcinogenic hazard index for endosulfans has been revised, 
resulting in a new hazard index risk criterion of 200 \ig/\. The concenfration of 
endosulfans in site groundwater is significantly less than 200 ^ig/l; however, EPA 
is requiring the continued monitoring of endosulfan because it is suspected to be 
an endocrine dismpter, and the chronic toxicity of that entire class of chemicals is 
under review by EPA. In addition, the fact that endosulfan concentrations in 
groundwater have increased following the removal action is of concem. 

The 10' carcinogenic risk (CR) level for dieldrin is 0.004 pg/1, and the CR level 
for DDT is 0.2 pg/1. By mutual agreement between EPA and FMC, ROD 
indicator parameters for comparison with semi-annual sampling data based on the 
greater of the CR level and laboratory practical qualification limits (PQLs) are 
currently as follows: 

• Dieldrin at 0.05 pg/1; and, 

DDT at 0.2 |jg/l. 

1.4 G r o u n d w a t e r Moni to r ing W o r k p l a n Modifications 

To satisfy the remedial objectives, the monitoring plan provides extensive data for 
the first 2 years of sampling. The well sampling frequency was modified after the 
first two sampling events (December 1993 and March 1994) as described in the 
Long-Term Monitoring Plan. The modifications included: 

• Analyzing only for organochlorine pesticides; 

• Abandonment of wells OH-1, OH-2, and OH-3; and 

• Installation of replacement wells W-13(0H-1) and W-14(OH-2). 

Additional modifications to the sampling plan requested by the USEPA in June 
1995 included: 

• Addition of monitoring well W-7 and W-1 to the sampling events; 

• Replacement of damaged and abandoned monitoring well W-11 with W-15; 
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• Abandonment of monitoring well W-10; and, 

• Replacement of previously abandoned monitoring wells W-2, W-3, W-4', W-5 
and W-6 witii W-16 and W-17. 

• Use of low-sfress, low volume sampling techniques. 

USEPA and FMC agreed in January 1996 to modify the sampling event frequency 
to semi-annually following the second quarter 1996 sampling event. Subsequent 
sampling events will occur during the second and fourth quarters of each year 
during the weeks of 15 April and 15 October. 

Monitoring well W-15 was irreparably damaged in late November 1996 and has 
since been abandoned, leaving W-7 as the most downgradient well. 

1.5 Site Hydrogeology 

A total of 21 monitoring wells have been installed on the FMC site and the 
immediate vicinity. Twelve of these monitoring wells are currently monitored 
semiannually. Other wells have been properly abandoned. A copy of the boring 
logs and a summary of as-built diagrams for all monitoring wells are included as 
Appendix B ofthis report. 

Groundwater from the unconfined alluvium aquifer occurs at a seasonally high 
depth of about 2 to 3 feet below grade and an average depth of 7 to 8 feet below 
grade. The alluvium aquifer, which extends to 35 to 40 feet below grade, is 
underlain by cemented basalt. 

Groundwater elevations exhibit a five to seven foot seasonal fluctuation at the 
site. The highest groundwater elevation (999 to 1,002 feet above mean sea level 
(ft amsl)) typically occurs in September, and the lowest groundwater elevation 
(995 to 997 ft amsl) occurs in Febmary and March. The contrast is shown in 
Figure 1-2, which shows the potentiometric surface in May and October, 1997. 
Groundwater elevations are listed on Table 1-1. The groundwater flow direction 
in the alluvial aquifer is to the southeast. The horizontal flow ranges from 0.002 
to 0.003 feet per foot (ft/ft). The main source of recharge is from crop irrigation; 
the source of water is primarily surface water through canals. Elevated 
groundwater elevations caused by recharge of irrigation water occurs from May 
through September each year. Recharge from precipitation, which is minor 
compared with recharge from irrigation, occurs primarily from January through 
April. 

Three well nests are present at the site. At each of the well nests, measurements 
indicate that a downward vertical groundwater flow gradient exists. The average 
vertical gradient is 0.02 feet per foot (ft/ft). The potentiometric surface is between 
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0.2 and 0.7 feet higher at the water table surface compared with the base of the 
aquifer. This variation in head is from hydraulic friction loss along the vertical 
flow path. 

Aquifer characteristics were evaluated by conducting an 8-hoiir aquifer pumping 
test on W-7 in 1989. The test was conducted at a discharge rate of 52 gpm. 
Distance drawdown analysis by Jacob's straight line method results in a 
calculated transmlssivity of 76,300 gpm/ft̂  and a storativity of 0.19 (Lohman, 
1979). For an aquifer thickness of 30 feet, calculated hydraulic conductivity is 
5,500 gpd/ft'. Distance drawdown data is as follows: 

Well 
Number 

W-7 
W-8a 
OH-3 

Distance to 
Pumping Well 

(feet) 

0 
30 
103 

Maximum 
Drawdown 

(feet) 

1.32 
0.29 
0.1 

For the alluvial aquifer the seepage velocity is calculated to be 7 ft/day. This 
value is calculated from the hydraulic conductivity estimated from the aquifer test 
using Darcy's Law (v = K [i/n]), assuming a volumetric porosity of 0.25, and an 
average hydraulic gradient of 0.003 ft/ft. 
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TABLE 1-1 
1997 Groundwater Elevations 

WELL 

Existing Weils 
W-1 
W-7 

W-8A 
W-8B 
W-8C 
W-9A 
W-9B 
W-12A 
W-12B 
W-13 
W-14 
W-16 
W-17 

Top of 
Screen 

(ft amsl) 

1001.81 
984.16 
968.18 
981.36 
993.27 
971.3 
994.8 
990.45 
998.45 
999.26 
998.68 
998.58 
998.14 

Bottom 
Screen 

(ft amsl) 

996.81 
969.16 
967.13 
980.31 
992.32 
966.3 
989.8 
985.45 
993.45 
989.26 
988.68 
988.58 
988.14 

Top of Casing 
(ft amsl) 

1006.79 
1004.60 
1004.94 
1005.04 
1005.11 
1004.10 
1004.39 
1004.76 
1004.88 
1004.36 
1005.29 
1004.38 
1004.94 

May, 1997 
Depth to Water 

(ft bgs) 

7.37 
7.15 
— 
-
-

5.68 
5.78 
6.40 
6.30 
5.91 
6.86 
5.90 
6.60 

May, 1997 
Groundwater Elevation 

(ft amsl) 

999.42 
997.45 

~ 
-
-

998.42 
998.61 
998.36 
998.58 
998.45 
998.43 
998.48 
998.34 

October, 1997 
Depth to Water 

(ft bgs) 

4.74 
4.32 
4.53 
4.48 
4.18 
2.96 
3.06 
3.63 
356 
3.08 
4.1 
3.15 
3.84 

October, 1997 
Groundwater Elevation 

(ft amsl) 

1002.05 
1000.28 
1000.41 
1000.56 
1000.93 
1001.14 
1001.33 
1001.13 
1001.32 
1001.28 
1001.19 
1001.23 
1001.10 
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SECTION 2.0 

SITE CHARACTERIZATION 

A complete characterization of the former FMC pesticide formulation facility, 
including historical chemical usage and disposal history and nature and extent of 
contamination, is included in the Phase 2 Remedial Investigation (RI) report 
completed in 1990 (Bechtel, 1990). Additional site characterization data is 
included in individual operable area closure reports. Information on residual soil 
contamination, and groundwater contamination, is presented in this section. 

2.1 Source Area 

Potential sources of organochlorine compounds in groundwater at the site are 
from residual soil contamination. Based on Phase 2 RI and operable area closure 
reports, the following are areas with residual soil contamination: 

• The boundary zone between Area 4 and 5; 

• Area 6; and, 

• The former Disposal Pit Area; 

The remedial investigation area designations and soil sample locations are shown 
in Figure 2-1. Results of selected soil sample analyses are shown in Table 2-1. 

2.1.1 Boundary Zone Between Areas 4 and 5 

Dieldrin and DD-series compounds at concentrations greater than the ROD 
cleanup levels were detected in post excavation soil samples S-74, S-77, and S-
171 obtained in 1990 near boundary ofthe former dmm storage area (Area 4) and 
the tank farm (Area 5). 

To determine whether this area contributed to pesticides detected in groundwater, 
soil samples were obtained in August 1995 from borings (B-1 and B-2) located 
adjacent to samples S-74 and S-171. Analytical results, presented in Table 2-1, 
indicate that dieldrin and DD-series compounds in this area have degraded by a 
factor of 10 or more to concenfrations less than ROD cleanup levels. 
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TABLE 2-1 
Summary of Soil Sample Analytical Results 

Sample 

ROD Cleanup Level (0-2 ft) 
ROD Cleanup Level (2-7 

Post-excavation samples 
S-1 
S-2 
S-3 
S-8 
S-10 
S-12 
S-13 
S-74 
S-77 
S-136 
S-137 
S-171 
S-175 

Samples 

ft) 

Depth 
of 

Sample 
(feet) 

4v4-DDD 

5.1 
25.5 

J exceedins ROD cleanup 

collected bv hoUow-
B-1 (near S-74) 
B-2 (near S-171) 

1.8 
2.5 
6,3 
5.8 
1.9 
4.9 
0.0 
7.0 
7.0 
7.0 
7.0 
7.0 
2.5 

ND 
ND 
ND 
ND 
ND 
ND 
76 
150 
32 
22 
22 
52 
7 

stem auser borincs in 
8 
8 

0.64 
2.8 

4,4'-DDE 

3.6 
18 

level. 
ND 
ND 
ND 
ND 
3.1 
3.2 
28 
24 
1 
10 
10 
2 

0.05 

1 Aueust. 1995. 
0.095 
0.25 

4,4-DDT 

3.6 
18 

ND 
ND 
ND 
67 
11 
23 

210 
100 
4 
9 
6 
42 
0.3 

0.23 
0.26 

Dieldrin 

0.076 
1 

ND 
ND 
ND 
40 

0.19 
ND 
ND 
47 
4 
10 
10 
30 
1 

0.29 
0.56 

Endosulfans 

4.2 
13.5 

75 
69 
186 
ND 
1.49 
0.21 
68 
296 
109 
276 
268 
165 

0.55 

0.92 
7.8 

ND - Not Detected 
All values are shown in micrograms per kilogram. 
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Areas 4, 5 and 6 were backfilled with cobbles that were excavated at the site and 
screened. The backfill is more permeable since the fines (silt and sand) were 
removed. As a result, groundwater flows through this area more easily than 
before the excavation, and at a faster rate than surrounding areas. This is 
especially tme when the groundwater levels are elevated during the summer and 
fall irrigation season. Since the cobbles are more permeable than the surrounding 
soils, groundwater elevations are slightly lower within this area immediately 
adjacent to and above soil with residual organochlorine compound contamination. 
As a result, excess groundwater is pulled through those residually contaminated 
soils into the cobble backfill and drawn in a cross-gradient direction toward the 
former disposal pit area. 

2.1.2 Area 6 

Dieldrin at concenfrations greater than the ROD cleanup levels was detected in 
subsurface soil samples S-136 and S-137 (obtained in 1992) in Area 6. The 
detected concentrations, however, were considerably lower than those in the 
boundary zone between Areas 4 and 5. In addition, dieldrin has not been 
detected in downgradient monitoring wells W-9a, W-9b, W-12a or W-12b since 
October 1994. Consequently, it is not likely that dieldrin and DD-series 
compounds in soil from Area 6 contribute to groundwater contamination. 

2.1.3 Former Disposal Pit Area 

The former disposal ph is shown in the southeast part ofthe site in Figure 1-2. 
The initial remedial excavation of the disposal pit occurred in June 1988 and 
removed contamination to a depth of 4 feet below grade where groundwater was 
encountered. A subsequent remedial excavation, completed in March of 1989, 
stopped at a depth of 7 feet below grade when groundwater was encountered. 
Closure samples confirmed that contamination remained above ROD cleanup 
levels in a 3,600 square foot area in the former disposal pit area. USEPA agreed 
at the time that further excavation was not warranted or practical. In the 1989 
removal action, dieldrin concentrations in soil samples obtained from the limits of 
the excavation ranged from 0.02 to 4.0 mg/kg; DDT concenfrations ranged from 
0.2 to 38 mg/kg. All other parameters were less than ROD cleanup levels. Soil 
sample location and analytical results are presented in Figure 2-2. 

As discussed in Section 1.5, groundwater elevation fluctuates between 2 and 8 
feet below grade. Residual soil contamination at the base of the excavation, 
which is 7 feet below grade, is in direct contact with groundwater during periods 
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of average and seasonally high groundwater levels. Elevated groundwater levels 
caused by recharge of irrigation water occur from May through September each 
year. The highest groundwater elevation (999 to 1,002 ft amsl) typically occurs in 
September, and the lowest groundwater elevation (995 to 997 ft amsl) occurs in 
Febmary and March. A comparison of these elevations with the elevations ofthe 
disposal pit excavation, shown on Figure 2-2, shows that during the annual high 
water table event, groundwater is in direct contact with contaminated soil that 
remains at the base ofthe excavation. 

Maximum concenfrations of dieldrin and endosulfan are typically detected in the 
fall after the annual high water table event. Groundwater monitoring wells W-13 
and W-14 are hydraulically downgradient from the disposal pit. These two 
monitoring wells have had the greatest and most persistent detections of 
organochlorine compounds at the site. This indicates that the source of the 
remaining dieldrin and endosulfan plumes is the former disposal pit area. 

2.1.4 Undiscovered Source Areas 

Site remedial investigation activities have included soil boring, monitoring well 
installation, grid sampling, historic research and interviews with former site 
personnel. None of these site investigation activities have revealed source areas, 
other than the former disposal pit, that would explain the groundwater detections. 
In addition, the groundwater detections to date are fully explained by 
contaminated soil residuals from the base and sidewalls ofthe former disposal pit. 
Finally, the fact that an active disposal pit was present at the site from 1952 until 
1969 (providing a convenient method for disposal of chemicals and waste) makes 
it unlikely that altemate disposal areas would have been created. 

2.L5 Discussion 

Groundwater contamination at the site is the result of residual soil contamination 
left in place after excavation and subsequent backfilling ofthe former disposal pit 
and other nearby areas. FMC and USEPA agreed to halt removal excavations at a 
depth of approximately 7 feet below grade where groundwater was encountered. 
Analytical results from post-excavation samples indicate soil concentrations of 
organochlorine compounds greater than ROD cleanup levels are present in soils 
beneath the bottom of the excavation. Residual soil contamination at the base of 
the excavation is in direct contact with groundwater during periods of average and 
seasonally high groundwater levels. Backfilling with cobbles increased the 
permeability of the soil above the residual soil contamination, and created a 
"bathtub" effect where locally higher groundwater levels occur. As a result, 
maximum concenfrations of organochlorine compounds are typically detected in 
monitoring wells immediately downgradient from the disposal pit after the 
seasonal high water table occurs. 
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2.2 Compounds of Concern 

DDT and dieldrin are the remaining risked-based compounds of concem at the 
site. DDT has been detected infrequently (about once each year) in W-13/0H-1. 
Dieldrin has consistently been detected above the ROD trigger level of 0.05 ng/1 
at the monitoring well site W-13/0H-1, and infrequently detected at the other 
source well site W-14/OH-2. Concenfrations over time are shown in Figure 2-3. 
The concentration curve presented on this figure is affected by the timing of 
sampling events. For example, the seasonal early fall high peak of dieldrin would 
presumably also appear in 1996 if the wells had been sampled in the early fall. 

Aldrin has also been detected at concenfrations above risk-based concentrations in 
W-13/0H-1. Aldrin was never used at the site, but is a product ofthe degradation 
of dieldrin. Aldrin and dieldrin are persistent, non-systemic organochlorine 
insecticides used for control of termites, locusts, and insect pests. Both dieldrin 
and aldrin bioaccumulate and are suspected carcinogens. 

DDT is detected infrequently at monitoring well site W-13/0H-1 at 
concenfrations below the ROD CR level of 0.2 pg/1. The concentration of DD-
series compounds (DDT, DDE and DDD) over time is shown in Figure 2-4. In 
October, 1997, DDT was detected at 0.07 pg/1. Prior to that, DDT was detected in 
May 1996 at 0.06 |j.g/l. Other DD-series compounds were last detected at the site 
during the December 1995 sampling event. 

The only other organochlorine compounds currently present in groundwater at the 
site are Endosulfans (Endosulfan I, Endosulfan II and Endosulfan Sulfate). 
Endosulfans in groundwater in the former disposal pit area have been and 
continue to be elevated since the removal action relative to concentrations present 
in groundwater prior to the removal action. This is especially tme during the 
early fall when groundwater levels have been high (and presumably in contact 
with contaminated soils) for a prolonged period of time. Endosulfan 
concentrations, however, are significantly less than risk-based concentrations of 
concem. Concentration of endosulfans over time are shown in Figure 2-5. The 
concenfration curve presented on this figure is affected by the timing of sampling 
events. For example, the seasonal early fall high peak of endosulfan would 
presumably also appear in 1996 if the wells had been sampled in the early fall. 

Other chemicals of concem that have been detected in groundwater at the site 
include: 

• Endrin-series compounds last detected in March, 1995; 

• Dicofol, ovex, and perthane last detected in June, 1994. 
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FIGURE 2-3 
Concentration of Aldrin plus Dieldrin in Selected Wells 
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FIGURE 2-4 
Concentration of DD-series in Selected Wells 
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FIGURE 2-5 
(Concentration ofTotal Endosulfans in Selected Wells 
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• 

4,4-Methoxychlor last detected in April, 1994; 

Heptachlor epoxide last detected in July, 1993, and heptachlor last detected in 
April, 1993; 

Chlordane last detected in August, 1992; and, 

Toxaphene and captan last detected in March, 1991. 

Since these compounds are no longer present in groundwater at the site, no ftirther 
evaluations of these compounds are made. Remaining chemicals of concem at the 
site are dieldrin and DDT. 

2.3 Exten t in G r o u n d w a t e r 

Dieldrin, DD-series compounds, and total endosulfan detected in October 1997 
are shown in Figure 2-6. The extent of organochlorine compounds has remained 
stable since the Febmary 1996 sample event. Prior to that sampling event, the 
extent of dieldrin was larger as shown in Figure 2-7. 

Dieldrin and DDT are detected only in the monitoring wells closest to the disposal 
pit area. The W-13 and W-14 locations are immediately downgradient of the 
disposal pit. 

In well W-13, dieldrin has been consistently detected at concentrations ranging 
from 0.06 to 0.5 pg/1 over the last few years. During the relatively higher 
groundwater elevation event that typically occurs in late summer and fall, dieldrin 
is detected in W-14. Dieldrin was detected after the removal action in several 
source wells at concentrations that exceeded concentrations detected prior to the 
removal action. . During the most recent sampling event in October 1997, 
dieldrin was detected in W-13 at a concentration of 0.47 pg/1 and at 0.21 [ig/\ in 
W-14. 
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SECTION 3.0 

FATE AND TRANSPORT 

3.1 Transport to Groundwater 

The partitioning of organochlorine compounds from soil to water at the site is 
controlled by: 

• the volume and concentration of contaminated soil exposed to water; 

• the solubility ofthe compounds; and, 

• theaffinity ofthe compounds to soil. 

3.1.1 Solubility and Soil Affinitv 

The solubility of a compound is an indicator of how much of that compound 
potentially can dissolve into water. The affinity for soils is an indicator of how 
persistent the compound will be within an aquifer. These processes compete at 
the site, and the resulting groundwater concentration reflects the equilibrium or 
effective solubility in groundwater. The solubilities and soil adsorption rate (from 
the log Koc values) for the compounds of interest are presented below: 

Compound Solubility log Koc Value 

dieldrin/aldrin 20 - 200 pg/1 4.08 - 4.69 

DDT 3 pg/I 4.96-6.44 

endosulfans 117 - 530 pg/1 3.31 - 3.36 

Endosulfan compoimds tend to be more soluble and have a lower affinity to soils 
than dieldrin and DDT. These values indicate that endosulfan is more mobile 
(i.e., less prone to be absorbed to soil particles) in groundwater compared with 
dieldrin. This is reflected at the site by the continued detection of endosulfans in 
downgradient monitor wells. 

The Koc of dieldrin and DDT are so great that the continued detection in W-13 
should not theoretically occur. One conceivable way that these compounds could 
still occur is if the solubility were enhanced by other organic chemicals. At the 
site, however, other volatile organic compounds (VOCs) analyzed from 1987 
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through 1990 were detected at concentrations much too low to facilitate 
dissolution of pesticides. VOC concentrations detected at the site are summarized 
in Table 3-1. 

Another possible explanation for the continued persistence of dieldrin in 
groundwater is by colloidal-facilitated transport. This is further discussed in 
Section 3.1.4. 

3.1.2 Source of Water 

The source of water contacting contaminated soil at the base of the former 
disposal pit is either infiltrating surface water or groundwater or both. To 
evaluate the source of water, climatalogical data from the Yakima airport were 
used to estimate the volume of surface water infilfration by water balance 
computation. The water balance portion of USEPA's Hydrogeologic Evaluation 
of Landfill Performance (HELP) Model 3.01 includes hydraulic properties for soil 
types that are similar to those at the site, and uses 5 years of local climate data 
measured at the Yakima airport. Information on surface topography and ground 
cover is entered to estimate water storage values and the percentage of surface 
water leaching to groundwater. 

Water balance computations are included as Appendix C and summarized in 
Table 3-2. Results indicate that recharge from precipitation varies from a low of 
0.008 inches per month in November and December to a maximum of 0.012 
inches per month in January. Over the approximately one-quarter acre area ofthe 
former disposal pit the volume of infilfration from precipitation varies from 56 
gallons per month to 84 gallons per month. The results indicate a negative total 
change in water storage (-3.7 %) for the former disposal pit area. A negative 
value for water storage indicates that evapotranspiration values are greater than 
infiltration values, and that infiltration of surface water to groundwater only 
occurs when snow melt or rainfall intensity is greater than evapotranspiration over 
a short period of time. 

The large seasonal groundwater elevation fluctuations at the site are not explained 
by the relatively small variations in infiltration. When infilfration from 
precipitation is at a maximum (from January through May), groundwater 
elevation is at a minimum. The large seasonal groundwater elevation fluctuations, 
and the cause for groundwater elevations at the site above approximately 8 feet 
below grade, is recharge from crop irrigation. Enormous volumes of surface 
water from reservoirs and rivers are diverted through canals and applied by 
irrigation to barley and hops fields upgradient of the site. The irrigation season 
begins in late April or May and extends into September. 

Soil contaminated by organochlorine compounds, therefore, is exposed to water at 
the base and sidewalls ofthe former disposal pit during the irrigation season. The 
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TABLE 3-1 
VOC Concentrations in Groundwater 

Wdl 
W-1 
W.2 
W-3 
W-( 
W.5 
W.6 
OH-1 
OH-2 
OH-3 
W-l 
W-2 
W-3 
W-1 
W-3 
W-6 
OH-1 
bH-2 
OH-3 
W-1 
W-2 
W-3 
W-1 
W-3 
W-6 
OH-1 
OH-2 
pH-3 
W-1 
W-2 
W-3 
W-1 
W-5 
W.6 
W-7 
pH-1 
pH-2 
b H . 3 
W-1 
|W-2 
W-3 
W-4 
W-5 
W-6 
W-7 
[OH-1 
pH-2 
p H - 3 
W-1 
W-2 
W-3 
W-4 
W-5 
W-6 
W-7 
O H l 
OH-2 
OH-3 
W-9B 
W-10 

DiU 

Ocl-83 
Oct-S3 
Ofl-113 
Ott-83 
Otl-83 
Ori.83 
Ort-83 
Ort-83 
Ort-83 

Miy-&4 
Miy-84 
M>y-84 
Mjy-84 
Miy-84 
Miy-84 
Miy-84 
hit lH 
M«y-84 
Sq)-84 
Sqi-84 
Sqi-84 
Sq}-S4 
Sq>-84 
Sqj-84 
Siv-84 
Sq]-S4 
Sq>-84 
AugSS 
AUB-85 
Aug-85 
AU8.S5 
Aue-85 
AU8.S5 
Aiig.85 
Aug.85 
Aufi.85 
Aiie-85 
Nov-85 
Nov-85 
Nov-85 
Nov-83 
N0V-8S 
Nov-85 
Nov.85 
Nov.85 
Nov-85 
Nov-SS 
A(K-S6 
Apr-86 
A|)f-86 
AlJt-86 
Ap(-86 
A(if-86 
Aff.86 
Apr.86 
Apr-86 
Apc.86 
Ma>-86 
Miy-86 

Acdone 

Raulc 
24 
17 

100 
3900 
130 

16000 
24 

1200 
1500 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

1 
9 

ND 

3 
ND 

6 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

' 

Rqiortiiig 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Fl.* 

B.J 

B 

B 
B 
B 

B 
B.J 
B,J 
B.J 
B 

B.J 
B 

B.J 
B 
B 
B 
B 
B 

B.J 
B.J 

J 

B.J 
B.J 

J 

J 

J 

TemdiloTMOieiK 

Snivlc 
Rtnill 

4 
ND 

3 
ND 

4 
ND 

4 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

3 

RqiOrtKig 
Limit 

100 

SOO 

50 

File 

J 

J 

J 

J 

B,J 
J 

Tolunie 

Sanple 
RtsuJl 

10 
6 

ND 
ND 
4 

ND 
10 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

2 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1 
ND 
ND 
ND 

6 
1 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Rq-nrtuig 

100 

500 

FI.8 

J 

J 

I 

J 

Mdhyloienjixjde 

Renin 
7 
5 
6 

160 
7 

820 
7 

85 
86 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Reporting 
Uinil 

F l « 

B 
B 
B 
B 
B 
B 
B 
B 
B 

J .B 

C(rt)onDi(ulfid< 

SMnpIc 
Rtsull 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
4 

ND 
8 
3 
2 

ND 
ND 
25 
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ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
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ND 
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J 
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Resull 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

1 

ND 
ND 
ND 
ND 

3 
2 
4 
3 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

2 
ND 
ND 
ND 
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ND 
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ND 
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ND 
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ND 
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ND 
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ND 
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ND 
ND 
ND 
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ND 
ND 
ND 
ND 
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ND 
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ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
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ND 
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10 
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10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
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TABLE 3-2 
Summary of Water Balance Computations 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

PRECIPITATION 1.38 0.89 0.71 0.62 0.41 0.37 0.18 0.83 0.34 0.3 0.44 0.98 

RUNOFF (0.5% SLOPE) 0.568 0.224 0.005 0.005 0 0 0 0.015 0 0 0 0.337 

EVAPOTRANSPIRATION 0.467 0.656 1.318 0.727 0.553 0.36 0.263 0.622 0.481 0.217 0.352 0.417 

PERCOLATION TO 

GROUNDWATER 0.0116 0.0101 0.0108 0.0101 0.01 0.0094 0.0095 0.0093 0.0087 0.0083 0.0083 0.0084 
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base ofthe disposal pit ranges from 998 to 1001 feet amsl. Water level elevation 
in W-13, which is adjacent to the former disposal pit, is above 999 ft amsl during 
the irrigation season. Groundwater elevations during the fall sampling have been 
measured at elevations of 1,002 ft amsl. 

3.1.3 Advective Groundwater Transport 

Advective groundwater fransport refers to the transport of contaminants along the 
groundwater flow path associated with the physical movement of dissolved 
compounds in groundwater. The rate of advective groundwater transport, 
therefore, is the rate of groundwater flow. For the organochlorine compounds 
considered herein, the advective transport rate is effected by other processes such 
as adsorption and degradation. 

Fluctuations in endosulfan concentrations are directly related to seasonal 
fluctuations in groundwater levels as seen in Figure 3-1. The concentration curve 
presented on this figure is affected by the timing of sampling events. For 
example, the seasonal early fall high peak of endosulfan would presumably also 
appear in 1996 if the wells had been sampled in the early fall. The dissolved 
constituents are transported by advective groundwater flow until sufficient time 
and adsorption capacity is available for clay and organic particles in the formation 
to remove the dissolved constituents from solution. Advective groundwater flow 
velocity at the site is estimated to be 7 ft/day as discussed in Section 1.5. 

The maximum estimated distance endosulfan travels along the groundwater flow 
path (from Figure 2-6) is 270 feet. Groundwater takes approximately 40 days to 
flow 270 feet. Within that time, therefore, dilution and adsorption effectively 
reduce endosulfan concentrations to less than analytical detection levels. 

Seasonal groundwater fluctuations also correspond to deviations in dieldrin plus 
aldrin concenfrations. Concentrations are shown in Figure 3-2. The concentration 
curve presented on this figure is affected by the timing of sampling events. For 
example, the seasonal early fall high peak of dieldrin would presumably also 
appear in 1996 if the wells had been sampled in the early fall. These compounds 
are not detected in other monitoring wells frequently enough to make meaningful 
correlations. 

3.1.4 Colloidal Particle Transport 

Given the relative insolubility and high affinity to soils of dieldrin and DDT it is 
possible that the continued detection of dieldrin and aldrin in W-13 is due to 
dieldrin bonded to colloidal particles suspended in groundwater. In October 1997, 
a filtered sample of groundwater was collected from W-13 along with an 
unfiltered sample. Results are compared in Table 3-3. Results indicate that 
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FIGURE 3-1 
Endosulfan Concentration versus Water Level in W-13 
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FIGURE 3-2 
Dieldrin plus Aldrin Concentration z'ersus Water Level in W-13 
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dieldrin and DDT exist on colloidal particles. The filter size was 0.45 microns; 
therefore, the dieldrin that was detected in the filtered sample is either in solution 
or absorbed to colloidal particles that are smaller than 0.45 microns. 

The difference in concentration between filtered and unfiltered samples is a 
reflection of the portion of the organochlorine compound absorbed to colloidal 
particles. Colloidal particles consist of clay sediments and organic materials in 
the 0.003 to 200 micron range. The use of a 0.45 micron filter removes a 
significant portion of the colloidal particles from the sample. The resulting 
filtered sample only contains the dissolved portion of compoimd plus the portion 
absorbed to colloidal particles that are smaller than 0.45 microns. 

The transport of colloidal particles along the groundwater flow pathway is 
limited. The ability of colloidal particles to migrate along the groundwater flow 
path is impeded by the variety of pore sizes and the tortuous flow path a particle 
must take through the formation at the site. The alluvium aquifer at the site 
consists of highly angular particles, and the resulting pore space distribution limits 
the distance a colloidal or clay particle can travel before becoming frapped or 
wedged within a pore space. 

Historically, the concenfration of dieldrin has been less than 0.05 fig/l except in 
monitoring wells that are immediately downgradient (i.e., source wells) of the 
former disposal pit. Historical detections of dieldrin in downgradient wells W-7, 
W-12 and W-15 may reflect dissolved dieldrin concentrations in groundwater, and 
the greater concenfrations detected in source wells may reflect dieldrin absorbed 
onto colloidal particles. Since the maximum concenfration detected in the 
downgradient wells is 0.05 pg/1, the equilibrium solubility of dissolved dieldrin in 
groundwater may be 0.05 pg/1. 

Once a colloidal particle encounters a pore space that impedes further travel, that 
particle is effectively removed from the groundwater flow path. In many cases a 
filter is built up within a pore space or against an aperture; larger particles are 
lodged against each other and the pore space opening, and smaller particles are 
stacked up behind the large particles. An exfraordinary hydraulic sfress would be 
required to dislodge the larger particles and allow further migration of the small 
particles. Such a hydraulic stress could be from an abmpt increase or decrease in 
groimdwater elevation, or a reversal in groundwater flow from a locally large 
recharge event. Over a period of time, therefore, migration of colloidal particles 
can occur in short steps following hydraulic sfresses. 

The potential for dieldrin and DDT to exist on colloidal particles makes low 
volume low-stress sampling techniques essential for this groundwater monitoring 
program. Low-stress sampling techniques have been used for the groundwater 
monitoring program since the September 1995 sampling event. 
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TABLE 3-3 
Comparison of Filtered and Unfiltered Sample Concentrations in the W-13 October 1997 Sample 

Parameter 

Relative 
Unfiltered Filtered Standard 

Concentration (^g/1) Concentration (fig/l) Deviation (%) PQL (^g/1) 

Endosulfan I 
Endosulfan II 
Endosulfan Sulfate 
Dieldrin 
DDT 

6.8 
3.7 
3.2 

0.47 
0.07 

5.5 
2.8 
2.8 
0.29 

<0.05 

11 
14 
7 

24 
- . 

0.05 
0.05 
0.05 
0.05 
0.05 
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3.2 Fate in Groundwater 

The persistence of the organochlorine compounds in groundwater is limited. 
Limiting factors, in order of importance, are soil adsorption, biodegradation and 
hydrolysis. Soil adsorption, which also limits fransport to groundwater, is 
discussed in Section 3.1.1. 

Organochlorine compounds in soil and groundwater are broken down by a variety 
of degradation mechanisms including oxidation and aerobic microbial 
metabolism. In groundwater at the site, dieldrin follows two degradation 
pathways: biodegradation; and, hydrolysis. 

The presence of aldrin provides evidence of a biodegradation reaction at the site. 
Aldrin was never used or stored at the site. Aldrin occurs as a breakdown product 
of dieldrin by Pseudomonas Sp. Microorganism. Aldrin is then readily oxidized 
to reform dieldrin. A cyclic pattem is followed, changing dieldrin to aldrin to 
dieldrin (Montgomery, 1993). 

The dieldrin-aldrin-dieldrin cycle is shown in Figure 3-3. In June 1995, aldrin 
makes up approximately 30% of the dieldrin and aldrin found in W-4. This is a 
result of microbial degradation of aldrin in the source zone. In September 1995, 
during a high water table elevation dieldrin enters the groundwater but is not yet 
metabolized to aldrin and the ratio decreases. In December 1995, as dieldrin is 
metabolized to aldrin, the aldrin ratios once again rise. Dieldrin and aldrin ratios 
have followed this same cycle since March 1993. 

Dieldrin does not readily metabolize to aldrin outside of the source area. This is 
because of the absence of acclimated microorganisms downgradient. In the 
source zone, dieldrin is in relatively higher concentrations, and so microorganisms 
are acclimated to dieldrin and are able to utilize dieldrin for metabolism. The 
reaction of aldrin to dieldrin is estimated at a half life of 53 days. The 
biodegradation of dieldrin outside the source zone is much slower, with a half life 
estimated between 175 days to 3 years. 

Hydrolysis is the direct reaction ofthe dissolved compound with water molecules. 
Hydrolysis degradation rates are typically difficult to measure due to competing 
reactions and slow degradation rates. Dieldrin degrades by hydrolysis v^th an 
approximate half-life of 10.5 years. Aldrin degrades by hydrolysis with a half-
life of 760 days (Montgomery, 1993). 
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Endosulfan I and endosulfan II are both metabolized by Pseudomonads and other 
microorganisms to yield endosulfan sulfate. A variety of other metabolites are 
also produced such as endosulfandiol, endosulfan ether, and endosulfan lactone. 

The estimated half life ranges between 2 days and 56 days for aqueous 
biodegradation. Hydrolysis of endosulfan I and II yields endosulfan sulfate with a 
reported half life of 9 days. Endosulfan sulfate is fiirther metabolized by a variety 
of organisms, but the chlorinated endosulfan backbone persists in all known 
metabolites. 
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SECTION 4.0 

RISK ASSESSMENT 

As part of the RI for the site, a risk assessment was completed. Both human 
health and environmental receptors were evaluated. Conclusions are presented in 
tiie Phase II RI Report (Bechtel, 1990). 

The receptor survey has been updated for this five-year review. The air pathway 
is no longer active since the removal actions. Surface water pathways also are no 
longer of concem because ofthe removal of surface soil contamination. 

Water well records were obtained from the Washington State Department of 
Ecology and reviewed for wells located within a one-mile radius of the site. As 
also indicated in the previous 1990 survey, the record search indicates that no 
receptors from a groundwater pathway are located downgradient from the subject 
site (Figure 4-1). 

Groundwater on the FMC site and immediate vicinity is not currently used for 
domestic, industrial, or agricultural purposes. Monitoring wells associated with 
the site are locked to prevent access by unauthorized personnel. 
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SECTION 5.0 

DATA EVALUATION 

It is apparent from observations ofthe time-series graphs (Figures 2-3 through 2-5 
and Figures 3-1 and 3-2) that for the source area wells: 

• 

• 

concentrations increased immediately after the excavation of the disposal pit 
and removal actions; 

some type of seasonal fluctuation effects concenfration; and, 

based on the observed endosulfan concentrations, seasonal fluctuations are 
probably based on groundwater fluctuations. 

Since the removal action concentrations of dieldrin have equilibrated, wdthin the 
range explained by seasonal fluctuations, to concentrations that are greater than 
concenfrations measured in groundwater before the removal action. Except for 
anomalous values measured in September 1995, which are attributed to well 
installation interference, concentrations have been between the detection level of 
0.05 and 0.6 pg/1. Endosulfan concentrations were increasing until last year, 
when they appeared to stabilize. Future monitoring will be needed to determine 
whether endosulfan concentrations have equilibrated. 
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SECTION 6.0 

CONCLUSIONS 

The five-year FMC Yakima groundwater monitoring program has shown that 
residual pesticide contamination continues to be detected in site groundwater. 
Groundwater contamination associated with the former FMC Yakima site, 
however, does not currently pose a threat to human health or the environment. 

The major source of the organochlorine compounds is the former disposal pit 
area. There may be other minor sources from former process areas. During the 
fall, when groundwater is in direct contact with soil containing residual 
concentrations of pesticides, endosulfan and dieldrin are dissolved and transported 
by advective groundwater flow. Residual soil contamination at the base of the 
former disposal pit excavation is in direct contact with groundwater during 
periods of average and seasonally high groundwater levels. As a result, maximum 
concentrations of organochlorine compounds are typically detected in monitoring 
wells immediately downgradient from the disposal pit after the seasonal high 
water table occurs. In addition, colloidal particles containing endosulfan, dieldrin 
and DDT may be transported to source wells. 

Another potential source area is Areas 4, 5 and 6. Backfilling with cobbles 
increased the permeability of the soil above the residual soil contamination, and 
created a "french drain" effect where groundwater can preferentially flows 
through the surrounding residually-contaminated soils into the backfilled gravel. 

Dieldrin and endosulfan have been detected at concentrations that are greater than 
concenfrations detected in groundwater prior to the removal action. The risk-
based target concentration for dieldrin is 0.004 |ag/l. Dieldrin is typically detected 
slightly above the analytical detection level (0.05 pg/1) in W-13 during most of 
the year, and at higher concentrations in W-13 and W-14 during the fall. 

W-13 and W-14 are source wells, zind when samples are filtered the detected 
concenfrations are approximately one half of non-filtered samples. This suggests 
that a portion of the dieldrin detected in samples may be bound to clay or 
colloidal particles in the groundwater. Transport of that fraction ofthe dieldrin is 
limited by the size and migration rate of the colloidal particles. Adsorption and 
biodegradation by microbiological populations are degrading the fraction of 
dieldrin that is dissolved in groundwater into aldrin, and fixing dieldrin within the 
biomass until other degradation mechanisms remove dieldrin from groundwater. 
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Aldrin was last detected in groundwater in 1996. Aldrin is a byproduct of the 
degradation of dieldrin, and has never been used in process formulations or as a 
raw material at the site. 

Endosulfan concenfrations present in groundwater at the site are more than an 
order of magnitude less than risk-based concentrations of concem. USEPA may, 
however, further evaluate the risk-based concentration of endosulfan. Until that 
evaluation has been completed, fiirther monitoring of the extent of endosulfan is 
necessary. Long-term groundwater monitoring results indicate that the extent of 
endosulfan remains stable across the site, but during fall sampling events elevated 
sample concenfrations occur due to the seasonal high water table elevation. 
Endosulfan is present in groundwater within approximately 600 feet ofthe former 
disposal pit. The presence of endosulfan sulfate confirms that hydrolysis or 
microbiological degradation occurs. Groundwater concentrations of endosulfan I 
and II will eventually decrease as degradation mechanisms act on the remaining 
soil contamination. 

DDT was detected in a non-filtered sample from W-13 in October, 1997 at a 
concentration of 0.07 pg/1. Prior to that detection, DDT had not been detected 
since May, 1996 (also in W-13). DDT was not detected in the filtered sample 
from W-13, which suggests that the DDT may be bound to clay or colloidal 
particles in the groundwater, and transport could be limited by the size and 
migration rate ofthe colloidal particles. 
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SECTION 7.0 

RECOMMENDA TIONS 

Based on the continued detection of organochlorine compounds at the former 
FMC pesticide formulation facility, groundwater monitoring should be continued 
at the site. The following monitoring wells should be sampled during the Fall of 
each year: W-7, W-12, W-13, W-14, W-16 and W-17. Although not necessary for 
evaluating compliance with the ROD, a Spring sampling event would be useful 
for comparison. 

W-7 does not serve as a suitable downgradient monitoring well at the site because 
the top of the water table is not screened. Offsite downgradient monitoring wells 
W-11 and W-15 have been destroyed; therefore, an onsite replacement well W-18 
will be installed and screened across the water table. Monitoring of W-18 will 
begin during the Fall 1998 sampling event. 

Institutional confrols restricting the use of on-site groundwater should be 
implemented. 
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Appendix A. Groundwater data. Concentrations in micrograms per liter. 

Well 

W-1 

W-7 

W-9B 

W-12A 

W-I2B 

W-13 

W-14 

W-16 

W-17 

W-7 

W-9B 

W-12A 

W-12B 

W-13 

W-14 

W-16 

W-17 

W-1 

W-7 

W-9B 

W-12A 

W-12B 

W-13 

W-14 

W-16 

W-17 

W-7 

W-9B 

W-12A 

W-12B 

W-13 

W-14 

W-15 

W-16 

W-17 

W-7 

W-9B 

W-12A 

W-12B 

W-13 

W-14 

Date 

Oct-97 

Oct-97 

Oct-97 

Ocl-97 

Ocl-97 

Oel-97 

Ocl-97 

Oct-97 

Oct-97 

Apr-97 

Apr-97 

Apr-97 

Apr-97 

Apr-97 

Apr-97 

Apr-97 

Apr-97 

Dec-96 

Dec-96 

Dec-96 

Dec-96 

Dec-96 

Dec-96 

Dec-96 

Dec-96 

Dec-96 

May-96 

May-96 

May-% 

May-96 

May-96 

May-96 

May-96 

May-96 

May-96 

Feb-96 

Feb-96 

Feb-96 

Feb-96 

Feb-96 

Feb-96 

Sample 
Result 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.03 

0 

AMrin 

Reporting 
Umit 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

Flap 

NQJ 

Sample 
Result 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

alpha-BHC 

Reporting 
Limit 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

Flag 
Sample 
Result 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

beta-BHC 

Repotting 
Liinit 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

Bag 
Sample 
Result 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

delU-BHC 

Repotting 
Umit 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

Flag 
Sample 
Result 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Kamma-BHC 

Reporting Umit 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

Flag 
Sample 
Result 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Chlordane 

Reporting 
Limit 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

Flag 
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Appendix A. Groundwater data. Concentrations in micrograms per liter. 

Well 

W-1 

W-7 

W-9B 

W-12A 

W-12B 

W-13 

W-14 

W-16 

W-17 

W-7 

W-9B 

W-12A 

W-12B 

W-13 

W-14 

W-16 

W-17 

W-1 

W-7 

W-9B 

W-12A 

W-12B 

W-13 

W-14 

W-16 

W-17 

W-7 

W-9B 

W-12A 

W-12B 

W-13 

W-14 

W-15 

W-16 

W-17 

W-7 

W-9B 

W-12A 

W-12B 

W-13 

W-14 

Date 

Oct-97 

Oc(-97 

Oct-97 

Oct-97 

Oct-97 

Oct-97 

Oct-97 

Oct-97 

Oct-97 

Apr-97 

Apr-97 

Apr-97 

Apr-97 

Apr-97 

Apr-97 

Apr-97 

Apr-97 

Dec-96 

Dec-96 

Dec-96 

Dec-96 

Dec-96 

Dec-% 

Dec-96 

Dec-% 

Dec-96 

May-96 

May-96 

May-96 

May-96 

May-96 

May-96 

May-96 

May-96 

May-96 

Feb-96 

Feb-96 

Feb-96 

Feb-96 

Feb-96 

Feb-% 

Sample 
Result 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4,4--DDD 

Reporting 
Limit 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

Flag 
Sample 
Result 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4,4--DDE 

Repotting 
Limit 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0 1 0.05 

Flag 
Sample 
Result 

0 

0 

0 

0 

0 

0.07 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.06 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4,4'-DDT 

Repotting 
Umit 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

Flag 
Sample 
Result 

0 

0 

0 

0 

0 

0.47 

0.21 

0 

0 

0 

0 

0 

0 

0.06 

0 

0 

0 

0 

0.03 

0 

0 

0 

0.22 

0.03 

0 

0 

0 

0 

0 

0 

0.07 

0 

0 

0 

0 
0 

0 

0 

0 

0.060 

1 0 

Dieldrin 

Repotting 
Umit 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

O.OS 

Flag 

J 

J 

Endosulfan I 
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Appendix A. Groundwater data. Concentrations in micrograms per liter. 
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Appendix A. Groundwater data. Concentrations in micrograms per liter. 
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Appendix A. Groundwater data. Concentrations in micrograms per liter. 
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Appendix A, Groundwater data. Concentrations in micrograms per liter. 
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Appendix A. Groundwater data. Concentrations in micrograms per liter. 
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Appendix A. Groundwater data. Concentrations in micrograms per liter. 
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Appendix A. Groundwater data. Concentrations in micrograms per liter. 
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Appendix A, Groundwater data. Concentrations in micrograms per liter. 
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Appendix A. Groundwater data. Concentrations in micrograms per liter. 
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0 

0 

0 

0 

O.OI 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

HepUchlor 

Reponing 
Limit 

0.02 

O.OI 

0.01 

O.OI 

O.OI 

0.01 

0.01 

O.OI 

0.01 

0.05 

0.01 

0.05 

0.01 

0.01 

0.05 

0.02 

0.01 

0.01 

0.10 

0.01 

0.01 

O.OI 

0.01 

0.04 

0.01 

0.01 

0.10 

0.02 

0.50 

0.04 

0.05 

Flap 

HepUchlor Epoxide 

Sample 
Result 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.05 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Repotting 
Limit 

0.02 

0.01 

0.01 

O.OI 

0.01 

0.01 

0.01 

O.OI 

O.OI 

0.05 

O.OI 

0.05 

0.01 

0.01 

0.01 

0.02 

O.OI 

0.01 

0.1 

0.01 

0.01 

O.OI 

0.01 

0.04 

0.01 

0.01 

0.1 

0.02 

0.5 

0.04 

0.05 

Flap 

A-35 



Appendix A. Groundwater data. Concentrations in micrograms per liter. 

WeU 

OH-3 

W-1 

W-2 

W-3 

W ^ 

W-5 

W-6 

OH-1 

OH-2 

OH-3 

W-1 

W-2 

W-3 

W-4 

W-5 

W-6 

OH-1 

OH-2 

OH-3 

OH-1 

OH-2 

OH-3 

W-1 

W-2 

W-3 

W-4 

W-5 

W-6 

OH-1 

OH-2 

OH-3 

1 

Dale 

Jan-g9 

Ocl-gg 

Ocl-gg 

Oct-gg 

Ocl-gg 

Oct-gg 

Oct-88 

Oct-88 

Oct-88 

Oct-88 

Jun-88 

Jun-88 

Jun-8g 

Jun-gg 

Jun-gg 

Jun-gg 

Jun-gg 

Jun-gg 

Jun-88 

Mar-88 

Mar-88 

Mar-88 

Nov-87 

Nov-87 

Nov-87 

Nov-87 

Nov-87 

Nov-g7 

Nov-g7 

Nov-g7 

Nov-87 

4,4'-Methoxychlor 

Sample 
Resull 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

NOTE: 

Flags: 

Reponing 
Limit 

O.IS 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.25 

0.05 

0.25 

0.05 

0.05 

0.25 

0.2 

0.05 

0.05 

0.5 

0.1 

0.1 

0.05 

0.05 

0.2 

0.05 

0.05 

0.5 

0.1 

2.5 

0.2 

0.25 

Flap 
Sample 
Result 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 4 

0.4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Toxaphene 

Reporting 
Umil 

2.0 

0 4 

0 4 

0 4 

0 4 

0.4 

0.4 

0 4 

0.4 

2.0 

0.4 

2.0 

0 4 

0 4 

2.0 

0.8 

0.4 

0 4 

0 4 

0 4 

0.4 

0.4 

0 4 

2.0 

0.4 

0 4 

4.0 

0.8 

20.0 

2.0 

2.0 

Flap 
Sample 
Result 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Captan 

Reponing 
Limit 

0.08 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.25 

0.08 

0.08 

0.08 

0.08 

0.40 

0.40 

0.08 

0.08 

0.40 

0.20 

0.20 

0.20 

O.IO 

0.10 

0.40 

0.10 

1.00 

0.20 

0.10 

0.80 

0.50 

Flap 
Sample 
Resull 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.04 

0.48 

0.23 

0.09 

0 

0 

0 

0.46 

0 

Ovex 

Reponing 
Umit 

0.20 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

O.IO 

0.02 

O.IO 

0.02 

0.02 

O.IO 

0.04 

0,02 

0.02 

0.20 

0.04 

0.04 

0.04 

0.02 

0.02 

0.02 

0.02 

0.10 

0.04 

1.00 

0.02 

0.10 

Rag 
Sample 
Resull 

A zero in the Sample Results Column signifies that the resull was not delected above the analytical detection Umit. 

J: 

P: 

NQ: 
R; 
B: 

Indicates an estimated value 

Analyte delected. RPD>25% 

Nol delected above the PQL 
The data are unusable (reiected) for all purposes. 
Hislofical data - best available copv is not cleat and value is questionable. 

Perthane 

Repotting 
Limit Flag 

Sample 
Resull 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

"0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.14 

0 

0 

0.13 

Dicofol 

Repotting 
Limit 

0.08 

0.20 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.20 

0.04 

0.20 

0.04 

0.04 

0.20 

0.20 

0.04 

0.04 

0.40 

0.04 

0.04 

0.04 

0.04 

0.20 

0.04 

0.04 

0.40 

0.04 

2.00 

0.20 

0.04 

Flag 

A-36 
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APPENDIX B 

BORING LOGS AND MONITORING WELL AS-
BUILTS 



ERM-WEST 
Environmental Resources Management 

FMC - Yakima 
Job #2672.03 

Drilling Log 
Project Former PesticicJe Facility 

Owner FMC 

Location Yakima. WA 

Project Number 2672.03 

Well/Boring No. B-1 

Surface Elevation 

Screen: Dia. 

Casing: Dia. 

Total Depth 

Water Level: Initial 

Length 

Length 

Diameter 10" 

Ref. R. 

Slot Size 

Type 

Drilling Company CascacJe Drilling 

Driller Rodney La Brosse Log by AMA Date Drilled 08/24/95 

x: 
Q. 

_ °-5 
1 

1.5 
_ 2 

2.5 
3 

3.5 
4 

5 
5.5 
6 

6.5 
_ 7 
_ 7.5 

8 
8.5 
9 

_ 9-5 
_ ""̂  
__ 10.5 

11 
11.5 
12 

i 12.5 

1 ""̂  
_ 13.5 

14 
14.5 

_ 15 
_ 15.5 

_ 16.5 
17 

_ i 
Si 
JZ 

— 

— 

— 

— 

— 

— 

SP 

GP 

— 

— 

— 

— 

— 

.2 3 
m O 

31 

50-6' 

50-6* 

Bentonite Chips . ^ 

B-1-8.5 

B-1-13.0 

c 
o 
rs 
2 
'53 

| i 5o 

H 
1 • 
Ip 
'^.^^^^^i^ 

^ K 1 
-^rf j^ '^r 

Description/Soil Classification 
(Consistency, Moisture, Color, Odor, Staining, Etc.) 

Dark gray gravelly fine to medium SAND, some silt, 
loose, moist 

Wet below 3.0 feet 

Gray subrounded to rounded fine to coarse 
GRAVEL, some sand, trace to little silt, medium 
dense, wet 

Bottom of boring at 13.5 feet 

Page__1 of 1. 



ERM-WEST 
Environmental Resources Management 

FMC - Yakima 
Job #2672.03 

Drilling Log 
Project Former Pesticide Facility 

Owner FMC 

Location Yakima, WA 

Project Number 2672.03 

Well/Boring No. B-2 

Surface Elevation 

Screen: Dia. 

Casing: Dia. 

Total Depth 

Water Level: Initial 

Length 

Length 

Diameter 10* 

Ref. Pt. 

Slot Size 

Type 

Drilling Company Cascade Drilling 

Driller Rodney La Brosse Log by AMA Date Drilled 08/24/95 

1 . , 
1 <o 

t 

1 (D 
o 

1 0.5 _ 
L 1 _ 
L -̂̂  
L ^ 
L 2.5 _ 
L 3 
P 3.5 
L "̂  
L 4.5 

C ^ 
[ 5.5 
I j 6 _ 
L 6.5 
1 7 

L -̂̂  
L 8 
L 8-5 _ 
n 9 
L 9.5 

10 
L 10.5 
n 11 _ 
F 11.5 
n 12 
L 2̂.5 _ 
n 13 
\ ~ 13.5 

L 14 _ 
P 14.5 
L 15 
L 15.5 

t ®̂ — 
n 16.5 
L 17 J 

_ 

— 

a> 
o —i 

^ 
O 

SP 

G P 

_ 

— 

.^. 

_ 

— 

^ 

O 3 

" o 

50-6" 

50-6" 

C3..2 
E e 
CO 3 

( O Z 

Bentonite Chips 

B-2-8.0 

B-2-13.0 

o 

5 
to 

^3 
"JiS^^S^ 

j ^ ^ ^ ^ 
^ ^ ^ ^ 
• ^ ^ p i ~ 
: '^J^t^" 

\ 
^ ̂  

> 

K 

P 
ffi,. 
^ 
^ ^ 

^T^^TIf 

• ^ • 0 * 

' ^ ^ jC^'C^^vS! 

% "" J3aiii!iiSaStC^ 

^̂ M 
^ ^ S ^ ^ ^ ' 

^ ^ ^ 
^ ^ . i ^ \ ^ 

^ ^ ' ^ • • ^ 

Description/Soil Classification 
(Consistency, Moisture. Color, Odor. Staining. Etc.) 

Dark gray gravelly fine to coarse SAND, some silt. 
loose, moist 1 

Wet below 3.0 feet 

Gray subrounded to rounded fine to coarse 
GRAVEL some sand, trace to little silt, medium 
dense, wet 

Slight petroleum odor 

Bottom of boring at 13.5 feet j 
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IBSERYATION WELL 
PROJECT 

F>1C - YAKtMA 

«£U. NO. 

W-1 

Ma sire 

UPLANO INOUSnUES 

COOHOtrMTES 

M ^S^&U3 E UraS.7S<t 

EGUN 

U / U / « 7 

CWWt.̂ TEO 

1V14/87 

pfiEPMVQ s r 

R.aisio 

REFEnOCE POIKT FOR MCASUROCNTS 

TOP OF RISER PIP€ 

ce>€WflU2E0 ceoLOGic LOG 

-m^ 
- e fJ.tLLSmJtt 

i - 4 FT. Sn.TY CLOY C U 

I wrTH SOX SHAU. crwveL. 

•4 - 9 FT. SANO <SP» w r m SOHE 
G<V»VCL. 

CHOUND-WATBI LfiVEt ON n - l ? - e 7 
AT OEPTM OF S.'U F T , 

loasjBC. 

^y 
\ " ^ 

WiSS.- T » OF SURFACE CASWa 

a £ V . - TOP OF RISER CAStNOi 

N O C 

t00S.7t 

SURFACE 

SURFACE CASING 

eOTTOH OF SURFACE CASING 

BACKFIU. MATERIM. 

TYPE, CEMENT/aeNTOWTE CROUT 

RSER CASINC 

OlAi 2-INCH U l . 

TYPE, U M CARSON STES. 
STEEL COIAJMC 

TOP OF SEAL 

TOP Of F'a.T& (»ACK 

FB.TEH PAOC 

Tvnc COLORAOO SILICA SAMO 
TYPEi , j _ 2 g » c s « . RajrwcD 

2- IM I.&.6AC5 

TOP OF SCREEN 

SCREEHi JOHNSON . 

OIAi Z%- l tCH CO. 
2-INCH UJ. 

TYPEi WlRE-wnAP 
LOW CAraOH STEEL 

OPENINGS! WtOTHi » j$3»- l tKH 

TYPEi SLOT 
4.6 FT. LONG 

•MTTON OF SCREEN-

BOTTOM OF SUHP' 

•4 M O X DIA* 

eOTTOH OF NOLE-

8-INCN 

OEPTH 

Z M 

UW 

Z M 

100 

8.^4 

ELEV. 
(FTJ 

.fc\ 
1004.91 

laaa-si 

i0«2.ai 

1001.81 

*<«.7l 



OBSERVATION WELL 
PROJECT 

FHC - YAKWA 

weu. NO. 

W-2 

JOB NO. 

8ECUN 

srre 
UPLAND IrCUSTRIES 

caOflOWATES 

N <I6<17.4«B E n22s.ae4 

t l / l 3 / « 7 

COHPtETED 

u/iva7 

PREPARED a r 

R.8ISJ0 

ftffEHEKE POINT FOR MEASUREMENTS 

TOP OF RISER CASINC 

CENERAUZEO CeOLOClC LOG 

mssr 
• - 2 FT. FILL. SANO ANO CRAVEU 

2 - a FT. ALLUVTtffii 
5VWDY GRAVEL ttP)« C 0 6 B L £ S TO 
ft-INCH OIANETCR. LOOSE. 

ATTEM'TED TO QfllVE WELL 
POINT euT SCREEN OAMACED AT 
2.1 FT. CHANCED TO CASLE TOQI . 

MCTHOO TO DRIU. BORING. 

CROUW-WATER LEVEL ON U-17-*7 
AT OEPTM OF S J i F T , 
El£V. ia«a.2L 

t • 

ELEV.- TCP OF SURFACE CASING) 

ELEV. - TOP OF RISER CASING. 

NQ»C 

1006.31 

3K3BCr 

OlAi 

_ ^ QROUNQ SURFACE 

SURFACE CASING 

NONE 

TYPEi 

•BOrrOM CF SURFACE CASVC 

BACXFtU. MATCRZM. 

TYPCi CEMENT^eeNTONrre OROUT 

RISER CASING 

OMi J - I K H IJO. 

TYPEi LOW CARBON STEEL 
STEEL COUPUNO 

TOP OF SEAL 

TOP OF FILTER PACK 

FILrCR PACK 

TVB- UXORAOO SILICA SAM 
TYPEi 2 SACKS. 100 LB. EACH 

10 TO z i MESH,BCUNOCO 

TOP QF SCREEN 

SCREEM JOKMSON 

QIA. 2%-INCM OJ). 
2-INCH IJ). 

TYPC WIRE-WRAP 
LOW CARBON STEEL 

OPENINOSi WIOTK 0J20-INCN 

TYPEi SU3T 4X FT, LONG 

•BOTTOM OF StREa<-

-I HOLE a:*». 

BCTTON OF SUI«>-

eOTTOM OF HOLE-

8-JNCH 

DEPTH 
tpn 

WBQ 

U0B 

2 J 0 

2.10 

7.50 

B£B 

8.80 

ELEV. 
(FT) 

1004.38 

100tSJ8 

l e o z j B 

108U4a 

VK.U 

<N6JB 



I 
>p.2. =r5.cj=c' .*'AV.= 7 ^ . / ) 0 d ' 

;sC .v=THO~;. 

RESOURCE PRO I hU I lUiN vvti_L MciruM i 
STAnr CARD NO. J 4 _ £ Z ^ - 2 J ? 

cob>/TY: tM.Lc4m^.^ _ _ 
LOCATIOM/V^V. _s2i i^/ . S a c J Z . T w r ^ / S A / a Z z ^ 

STREET ADDRESS OP WELL: 

tw-2 

:̂ fPjrOhJe^ u/^Br^9^&-

t, Cascade Z r - l l i n g , ^ n c . ^ - ) ^ 

ATJ==: ^ ^ ^ c ^ ^ - ^ ^ / ^ ; ^ . . - ^ 

WATER LEVEL E'.EVATIO.-J: , , _ , ^ . 

GROUND SURFACE EUEVAT'CN: ., ^ / A 

CCN'£--T;SC, ?;fi?/-. & ^ m •.N'STALLED: 

C ? / £ 1 . 0 P £ 0 : _ 
^ # = ^ 

S33-/ 
PORfAATION DSSCRIPTICI^ 

r ' . C : 



I 
I 
I 
I 
I 

I OBSERVATION WELL 
J 0 » NOI. 

ISEGUN 

11/13<^7 

PROJECT 

FMC - YAKIMA 

SITE 

UPLAW MXJSTfUES 

CGM>LETeO 

I L / t V B ? 

COOflOOMTES 

WELL NO. 

- W-3 

H "JfiTZ^SS C lir<C.B<« 

PREPARED BT 

R.81SI0 

RSFERENCE POINT FOR MEASUREKENtS 

TOP OF fltSEJI CASING 

GENERAUZED CEDLOCIC LOC 

0 - I FT. IflESffljl 

SftCn SILT <HJ 

I - 8 FT. M j n n a u a 
Sflhor. cRflVEk <cpi 
LOOSEi SAIC AT BOTTOM OF H X E . 

CROUNO-WATER LEVEL ON U - i r - « 7 
RT OEPTM OF BaB F T , 
ELEV. leBBja . 

ELEV.- TOP OF SIWFACE CASWCi NONE 

ELEV. - TOP OF RISER CASIMM 

CEPTH 
(FT) 

^,..^—QROUMJ SURFACE 

SJUFACE CASD« 

BOTTOM OF SWF«CE CASING 

S A C X F I U . MATD^IM. 

T Y P E I CEhCNT/BEKTONITE GROUT 

RISER CASINC 

D M 2-INCH VO. 

T Y P E I LOW CARBON STEEL 
STEEL COUPUNC 

TOP OF FILTER P*CK 

FILfER P « c 

. y p - UXORAfiO SILICA SMO 
J e - 2 « NESH-ROUNtaj 

TOP QF SCREEN 

IXreOk JOHNSON 

OlA. 2 * - t » C H tuo . 
J-WCH UJ. 

OPENINGS, WIO THi 0.g20-INCN 

T Y P E I S t a r 

TYPEi WIRE-WRAP 
LOW CARBON STEEL 

4.6 FT. LONG 

-BOTTOM ( F SCREEN-

HCLE O t A . . 

BOTTOM OF SUMP-

BOTTOH OF H O U -

e j 0 

EIXV. 
tFT) 

1003.89 

140 

2.00 

2 . ^ 

7.50 

BJB 

8 J a 

l88Z.es 

I00L85 

ima.ii\ 

n6 .35 

jr5,85 

««9.85 

http://l88Z.es


I 
'RO. 

•VML ::;='-;T;?iCAT!C.-: f.-o.. - ^ / ^ 

RESOURCE PROTECTION WELL REPORT 
START CARD NO. A / - Z t ^ O CzJ 

=ROJ=C' . " ;AM= r^./Yi.Qy 

•G METHOD:. MS. 
CO'JlfTY; t y p j P ^ . i m ^ ^ 

[ L P - C > L0CAT;0H/y^V4 J 2 I ^ / A S»e3L T w n / 3 A / R / Z ^ 

:RI, •,-^- f? j>^hJ&^ LJ=r^n^-9^ : 
-,•,, Cascade Dr i l l i ng , I nc . ^^^ 

SIGNA.TU.nc;. 
CatfS'J-.~:SG ?IR.>/: " & ^ f r i 

^ 
^^^^S! 

STREET ADDRESS OP V;ELL: _ 

WATER LEVEL E'.EVATIO.'̂ J: ^J , }L 

GROUND SUR.f̂ ACE ELEVAT;ON: N ' A 

J 

•N'STALIE: P-2s^- ^.r 

I 
i l 
I 
1 
I 
I 
J 
I 

• 1 

I 

i 

f 
ECY I 

! \ N 

I 
V 

V 

Ri^ 

ecYcr:-t2;Rov n.'j's! 

S33^ 
0?/SLO?£0:. 

WELL DATA 

CCi'ICRZTE S'J?i".̂ CE 3 i j ^ 

FORMATION OESCRIRTtCN 

0 - r ' ft. 

3.-.CKFILL 

Qt<£j}M^ i 
f t . 

f t . 

i Q ^ J J l l 
I l i l l uui ^EPCjsw ti;j 

-5t.''ARTM£NT! Of aX:;.C€Y 

DEPTH 0? rORING <f / 

PAGE 

TOTHL P.O=-



I jum 

^OBSERVATION WELL 
" . . J'NOI [SITE .3 Na 

11 

PROJECT 

FMC - TAKlMA 

U P L A H O 1N0U5TRIES 

WELL NO. 

W-4 

COOROtNATES 

N S « 0 0 . 6 7 3 E U2Z7,eg« 

IBECUN 

11/14/87 

COMPLETED 

11/14/87 

PREPARED BY 

R.BtS(a 

REFERCNCE WI tNT FOR M E A S L R E M E N T S 

TOP o r RISER FIPE 

OENERAUZEDCEOLOCICLOC 

"*:« Ti. * 
0 - B FT. i u . ^ r ' i x ^ 

» - 4 F T . SANQY CLAY I C U 

WITH SATO ANO C R A V E L LENSES. 

4 - 8 F T . 5AN0Y GRAVEL (CP) 

LOOSE, SU8-R0UN0ED a A S T S . 

CROUNO-WATER LEVEL ON U - 1 7 - 8 7 
AT DEPTH OF i 4 B F T , 
ELEV. 1 0 0 0 J 0 . 

• 045 F T . CUT FROM SCREEN W»^ERE 
BROKEN A < « SCREEN RC-WELOEa 
THIS SCREEM O A H A C E O WHEN DRIVEN 
AT W - 2 . 

M 1 

ELEV. - TOR OF SURFACE CASING. NONE 

ELEV. - TOP OF RtSER CASING. 1805.90 

^KRRSr 

OIAi 

^,.,—GROUNO SUVACE 

SLRFAcc C A S I N G 

NONE 

TYPE: 

• BOTTOM OF SURFACE CASINC 

SACICFILL M A r t n i M . 

T Y P E I C E M E N T / B E N T O N I T E C A O U T 

RISER CASING 

ovw 2- IM:H UX 

TYPEI LOW CARBON STEEL 
STEEL COUPUNG 

TOA OF SEM. 

TOP OF FILTER PACK 

FILTER PUCK 

- v „ , COLORADO S t U C A S A * 0 
TYPEt i g , 2 9 MESH. ROUNDED 

2 - 1 0 0 L B . BAGS 

TOP OF SCREEN 

SCREEN, J0»«SON 

OlA, 2 % - I N C H O J L 

2- lHCM L D . 

OPENINGS: WtDT)* a J 2 0 - l N C N 

TTPEi SLOT 

TYPE: WIRE-WRAP 
COW CARBON STEEL 

4.1 FT. L O W ; 

'BOTTOM OF SCREEN-

BOTTOM OF SUMP-

BOTTOM OF HOLE* 

-A _ HOLE D I A , . 
8-INCH 

DEPTH 

(FT) 

0 J B 

\ JH 

2.00 

XlB 

7.50 

8.00 

ELEV. 
(PTI 

1003.81 

1002.81 

IMLBt 

iam,7t 



OBSERVfiilON WELL 
PROJECT 

FMC - YAKIMA 

wea NO. 

-w-3 

JOB N a SITE 

IJPUM) INDUSTRIES 

COOROtNATES 

N tSie.Sfia E 1127BJ21 

BEGUN 

lL'14/87 

COMPLETED 

U/14/87 

PREPARED BY 

R.BISIO 

RCFERENCE POINT FOR MEASUREKCNTS 

TOP or RISER CASINC 

GENERALIZED GEOLOGIC LOG 
•^roar 

0 - a FT, ALLUVIUM, 

0 - 6 FT. SAKCIY g A Y (CU 

WITH SAW ANO CRAVEL LEKfSES. 

6 - 8 FT. SAMOY CRAVEL (CP) 
LOOSE, CLASTS OF VOLCANIC A«0 
CmwiTIC HOCK, SUe-ROUNOED. 

CflOUNO-WATER LEVEL ON n-17-87 
AT DEPTH OF 5.64 F T , 
ELEV. 1080.84. 

, < 

— ELEV. - TOP OF SURFACE CASINQi 

"A ELEV. - TOP OF RISER CASINC 

N0N5 

1005.68 

^—OROUNO SURFACE 

SURFACE CASING 

BOTTOM OF SURFACE CASING 

B M : K F I L L MATERIM. 

fYPE, CEMENT/eENTONirE GROUT 

RISER CASING 

O M 2-INCH L a 

TYPE, LOW CARBON STEEL 
STEEL COUPLING 

TOP OF SEAL 

TOP OF FILTER f tCH 

FILTER PACK 

, ^ P COLORAOO STUCA SANO 
• ^ ^ J0-2 t MESH. ROJNDCD 

2-100 LB. BAGS 

TOP OF SCREEN — 

SCREEN, JOHNSON 

OlA, 2%-iNCH o a 
2-lNCn L a 

OPENINCSi WIOTHi 0,a2B-lNCM 

TYPE; SLOT 

TYPE: WIRE-WRAP 
UOW CAABON STEEL 

<i.6 FT. LONG 

•BOTTOM OF SCREEN-

OEPfM 
(FT) 

0.80 

1.00 

L<)0 

3.10 

ELEV, 
IFT) 

te«3.GS 

1082.62 

1001.72 

I000<SZ 

BOTTOM CF ',L/HP-

80TTOM t-" C L £ -

^ 
MXE OIA«. 

7.70 

B.20 

8,20 

_ ^ 5 . 4 2 

<*95.*2 



OBSERVATION WELL 
PROJECT 

FMC - YAKIMA 

JOB N a 

(RBBB 

BEGUN 

iLa4 /a7 

SITE 

UPLAND MXJBTRIES 

COMPLETED 

11/14/87 

COOROINATES 

WELL NO. 

W-8 

N <a4B.2l6 E U3I&J7a 

PREPARED BY 

R. BlSIO 

REFERENCE POINT FOR MEASIAE»<NTS 

TOP QF RISER CASINC 

ELEV. - TOP OF SIPFACE CASING, NOC 

CENERAUZeO CEOLOCIC LOC 
^ A U * 

0 - 8 FT, ACLUVlUMi 

a - 8 FT. SANOT CLAY (CU 

WITH SMC MC GRAVEL LENSES. 

S - 8 FT. SANDY CRAVEL (CP) 

LOOSE. R01M3ED TO 3u8-R0UNDEa 

CROUNO-WATER LEVEL ON 11-17-87 
AT DEPTH QF 5.62 F T , 
ELEV. 100BJ4. 

ELEV. - TOP OF RISER 0«ING, 

^ K O O R G r 

DIA. 

TYPE; 

^,,.—ORQUW) SUyACE 

SURFACE CASINC 

M3NE 

•BOTTOM OF SURFACE CASING 

BACKFILL MATERIAL 

TYPE, CENENT/BEMTONlTe CROUT 

RISER CASING 

OlAi S-UCH U i . 

TTPEi LOW CARBON STEEL 
STEEL COUPUNG 

TOP OF SEAL 

TOP OF FJ.TER pytfx 

FILTER PAOC 

TT0C COLORAOO SIUCA SANO 
iTFtj ,a.2» MESH. ROUNDED 

2-100 LB. BAGS 

TOP OF SCREEN 

SCREEN, JOHNSON 

DIA, 29i-tNCH OJX 
2-INCM U). 

TrPE: WIRE-WRAP 
LOW CARSON STEEL 

OPENINOSi WtOTHi flJ29-lNCH 

TYPE, SLOT 
4.fi FT. LOMj 

•BOTTOM QF SCREEN-

BOTTOM OF SUMP-

-1 HOLE OlA, 

BOTTOM OF HOLE

S-INCH 

DEPTH 
(FT) 

0.80 

2.00 

3JS 

7,75 

8 £ 5 

8.25 

ELEV. 
tFT) 

100151 

1082.81 

I00LS1 

1000.:)e 

VK.76 

^ 1 2 6 

"ni .Zi 



m 
^ — -, — 

OBSERVATION W E U 

i »«0 . iCT 

FMCYAKIMA, WASHINGTON 

JOSMO. 

19088 
t«CUM 

4/3/89 

Upbnd industiies 
0OO»0i«.ATtS 

wtci -O 

w-7 

N 9504.865;E It33a634 

4/7/89 
ratrAiiCOSv 

0.0-37.0 ft: ALLUVIUM 

0.0-5.0 fl: CLAYEY SILT 
SILTY CLAY & SANDY 
SILTY CLAY, 
unconsolidBted. 

5.0-18JO ft: SAND with 
gravel to cobb)« size, 
poorly consolicUted. 
saturated below 6.6 ft. 

l8jO-20X)fi: SANDY 
GRAVEL. 

20.0-26 X) SAND. 

26.0-37.0 SANDY 
GRAVEL, consolidated 

37.0-38:2 ft: CEMENTED 
BASALT CRAVEL 

37j0.381ft: SANDY 
GRAVEL, cemented with 
cby and silt, unsaturated. 

R. Bisio Ground Surface (0-3 ft. below conaeie pad) 

CeweAALtZEO GCOLOCIC LOG ^ ^ . ^ i 
w . J!»,\.v>*i jiRi, C \ y v , 

• • 

> 

6LEV - TOF OF SUR»=*CE CASINC _ 3 f t i L i i 2 L 

(1.75" above pad) 

• O 

ELEV - TOP 0< itiSER C A S I N G 

n W^A-JiRSiigL 
J L 

G R O U N D SURFACE 

SURFACE CAStNC 

OlA 12-inch 
TY ĵ Steel w/cap, 5.3 feet long 

BOTTOM OF S u f l f ACE CASINC 

BACKFILL MATERIAL 

TVFE: Cement/Bentonite Grout 
I S H>s/ack cement 
7 a c k mix 

RISER CASING 

OlA 4.inchIJ>. 

^^"= Sch40rVC 

OE^TH 

+2.10 

+1-95 

OJW 

320 

TOP OF SEAL 

ANNULAR SEAL 

TYPE 
Enviroplug Medium Bentonite Chips 
WYO-BEN.INC. 
3 bags placed 

TOP0» FII.TERPACK r 
F I L T E R PACK 

TYPE: Colondo Silica Sand, rounded 
8-12 U 5 . Si0we Size (i)69-l»3 in.) 
19 B d u placed 

TOP OF SCREEN 

1004.71 

1004.56 

1002-61 

999.41 

U.67 

15.15 

18.4S 
*1 

99054 

987.46 

SCREEN Johnson 

'""'^ WifcWnp 
Sch40FvC 

OPENiMcs W10TM OJ02O inches 
TYPt: Slot 15 J ft. long 

OlA 416 inch O i ) . 
4ii]cht.D. 

ftOTTOMOF SCREEN 

•OTTO*'OF SUUP 

• O T T O ^ O P H O L E 

3435 

* — - — 

984.16 

* — -

3820 

3820 

. HOLEOIA 12 J inches 

Fiaure 2-7 

967.66 

964>l_ 
964.41 



flBSEBVATlON WEIL 
• •OJ tCt 

F M C - Y A K I M A 
" f l . ^ NO 

BA.B.C 

19088 

4-13-89 

U f i 
UPLAND INDUSTRIES 

COOAOmATtt 
N 9531.758; E n3 l7 i ) 44 

C0MP1.<TTO 

4-14.89 
rtf*»«.Oty 

R. COOK 
• eFCaf MC( fQlHT'OP u t ASli»<W«MrS 

TOP O f RISER CASING 

8C 

»8 J i - - i - . TOP OF SUftFACECASlNG 

1005.04 
1004.94 

BACKFILL M A T C R I A L : 

BENTONITE CEMENTiGROOT 

ANNULAR SEAL: 
MEDIUM BENTONITE CHIPS 

ILT6R PACK: COLQFIADO SILiCA 
SANO, ROUNDED. »-12 U.S. SIEVE 
SIZE. 

SCREEN: JOHNSON. 2 K ' SLOTTED PVC 
SCH. 40, SLOT OPENING 1 MM 

GENERAUZED GEOLOGIC LOG; 

0.0 .5X> FT.-SJLTY CLAY.UNSATURATED. 

5.0 10.0 FT.-SANDY GRAVEL 

10.0 .14.0 FT. • GRAVELLY SAND 

14i>. 20.0 FT. - SANOY GRAVEL 

30J0 - 3S.0 FT. SANO ANO GRAVELLY SANO 

35J0-37.t FT.-SANOY GRAVEL SATURATED 
•ewow « FT. 

SURFACE CASING; 
l a - 4 STEeL.2.4" ABOVE GROUND 
WITH LOCKING CAf 

RISER CASING: 
r tk - I.O, SCH. 40 AND 80 PVC 

P i n i i r d O . C 



ig> 
I RESERVATION WELL 

MWJfCT 

F ^ C 'YAJeM^A 

0. 

pias i— 
l7-i/.f<» 

« T I 

Uf,l4j,J M J a s U * ^ 

5o5?Lifi5~ 

COOAOUWATfS 

MCPAHC0 8V HC'SRCNCe PQINT IFOP UCASUR(MCNTS 

S f e u n d Sar-frut. 

GENERALIZED GEOLOGIC LOG 
: j B w t a r a B T -

I 0 . 0 W . 0 i ^ ^ ^ l i W - ^ ^ ' o C f ^ l ^ . ^ 

f A o . 7 . 0 < jA*4 t f«y ^^MVf iy 

i 4 ^ ^ 4 ^ ) 

|?.«-r.o SM/et4.i JAMoi?p) 

f / t f .o - io .o £^t^e*J,^ ^ > ^ ^ ^ ^ . \ 

S9.0 - ? Ce^*£*^Tev t ^ ^ m e t 

$ f o - OJ iVa r / ^A^JOi <SMM£<. 

ELEV. - TOP OF SURFACE CASING,-

ELEV. ~ TOP OF RISER CASING : 

^ 
GROUND SURFACE 

SURFACE CASING 

OlA: S i A U f t ^ - ' i h 

BOTTOM OF SURFACE CASING 

BACKFILL MATERIA!, 

TVPE: -Re* ^ * 1 ' ^ ' ' ' ^ 

RISER CASINC 

DIA: 0 . / 7 f O ^ 0 . 3 a f c d . O , 

TVPE: JVwi ^ < j ̂ t / C 

TOPOFSSAL 

•< 

J 

, ANNULAR SEAL , , , 

TVP6: M/». -0*M' /*K. 

TOP OF F I L T E R PACK 

TYPE: 

FILTER PACK 

Co/oraJo SJie». J ^ M J ^ raui^ed. 

g . f x i tdL i f l ^ced 
TOPOFSCRCCN 

"scRl iN~Snip l r5?HiSZ5i?«7" 

TVPE r/of- '-ao' OlA C.i'\ ' t .o . 

OP«NINOS: WIDTH; tf-"AO y ^ J t ^ ^ » . * * 

TYPE: S U f < : f O f C l o n i 

' C / C 

— HOLE OlA. 

BOTTOM OF SCREEN 

BOTTOM OF SUMP 

BOTTOM OF HOLE 

l i ' t f i e h 

\ . 

r 

OEPTM 

0 . ^ 4 

lit 

ze.W 

3 I . 1 0 

J ^ - Z A 

S9.4S 

ELEV. 



^ 

r OBSEBVATION WELL 

i lSuN 

f ^ O t K T 

r / h c YAJV*f/9 

O0MP».STM~" P R t P A A c A l V ~ 

OXlAOUMrCS 

WCLLMO. 

RCFCPCMCf M3mr FO" WeAMOCMtMrS 

G f d a * r J Sur'fdct, 

GENERAUZED GEOLOGIC LOG 

a « 
« 

< k 

J 
« I 

i 
I a 

• 
a • 

i 

< • 

. * 
t 

ei 
a 

a 1 

a 

< > 
a 

« a 

• 
a a 

< , 

9iteu^ o t d htUtJ i c r t i ^ 

• ' 

ELEV. - T O P OF SURFACE CASING: 

I ?7gf>»-<» j » m 

E L E V . - TOP O f RISER CASING: 

.Zl GROUND SURFACE 

f 

OlA; 

TYPE: 

^ - M ^ 

S^^^J 

SUAPACE CASING 

f'/"^ w/ /«c£/ / i j CXf> 

BOTTOM OP SURFACE CASING 

8 A C K F I L L MATERIAL 

TYPE: C e ^ - t n ^ / i ^ t r i f i ' i t . Sir»tct 

6 ^ 4 f r p t a c t J . 

RISER CASING 

o , n I.O, t ' Z a f t o.O OlA; ' - — ; 

TYPE: Sc^ ^ » etfC^ 

TOP OF SEAL 

TYPE; 

etM^mpItt* ftt^kMn J L I / M ^ Z / C <S4/M» 

TOP OF FILTERPACK 

FILTER PACK 

Celorm.A^ Sifue.. Jk i t J ^ r e w t J ^ d 

^ r i ^ 4 ; ^ f / * < ^ 

TOP OF SCREEN 

0 . A : ^ ' * ' 0 

OPENINGS: UlnOTH 

TYPE . T A / 

SCREEN: J i , ^ Z h A ^ m / r t c t A r t i I 

Ty^; / y * / / i « 
XeA 4 » '*'« r 

BOTTOM OF SCREEN 

BOTTOM OP SUMP 

• HOLE O l A 

- BOTTOM OP M O L E 

OEPTH ELEV. 

a . A a 

S. f iO 

4.* A 

8-2.0 

/ i J t a 

t t .S'o 
» _ — 



m 
BSERVATiON W E U 

^f»»» 

FMOJCCT 

^ t » t C ^AIC^^A 

SITC 

i>Pf-\fi/0 JNMST7t€3 

COOPDINATCS 

WtLLMO. 

U J - J O 

•MUN COMFLETEO 

7-/ / , i » 
FRCP AMP av REFCREMCE MMNT FOn HCAAIPEMNT} 

GENERAUZED CEOtOOfC L O G . , - i 
J»«M0»«. f s / I 

sAAto ^ - h p i o i l . 

i-O - < i . o SMTi S A * J O 

U . O ' / 4 . a JAJJt> m^^it*** 

; 7 / / 4 i W efr4i*t) 

. ELEV. - TOP OF SURFACE CASINC; 

J L - CLEV, - TOP Of RISER CASING: 

• GROUND SURFACE 

"wss-gfnKr 

SURFACE CASING 

OlA: d - /»eJ> 

TYPE; J-f-i*J p»/»<. Ir} heX/f)<j CAf-

BOTTOM Of SURFACE CASING 

BACKFILL MATERIAL 

TYPE: C&Mttmt f SeMictH^K. < S > « . / 

X . ^ l i t i A w j W ^ y t / J t i C K . (*J^<f*t 

3 s a c t i y/*eeJ 

RISER CASING 

WA: 0 . / 7 A O . . 0 . 2 0 0 . 0 

TYPE: r c A ̂ O ^ t C 

TOP OF SEAL 

^ , ANNLILARSEAL , 

TYPE: * ^ K » - » e t / I*»C. 

TOPOF FILTER PACK 

F I L T E R PACK 

TYPE: CJ t r t J ^ Stltca^ - ^ ^ ^ , f ' ^ ' ^^d 

/n-J!o OS. Sieve Size, 

T O P O P SCREEN 

OlA: 
a . i t , L P . 

SCREEN: S^t>^ /WfHtf^ci ' treJ 

OPENINGS: W O T H c . a ^ a i n J t e i , 9 . * x ' ^ e 

• MOLE OtA; 

BOTTOM OF SCKEEN 

BOTTOM OF SOMA 

BOTTOM OF HOLE 

8 t /kJiei 

\ 

r 

DEPTH 

£.£d8_ 

1 < 

i 3 . i ^ 

/.r,// 

y e ^ 4 -

j ^ ^ - - ^ 

ELEV. 

^ _ i ? ^ . 2 



w 
NERVATION WELL 

/ f A * « 

SEOUM 

1-13-9* 

SfT 

PfKUCCT 

/ ^ j * f £ ' YAjCJ^/t 

oft.A*^» m t t t m t t ^ j 
COUP1.CTC0 

r - n ~ f o 
PHEPAAfOBV 

OOOAOINATES 

«*LL»0. 

^ . gJS/O 
RefERfNCCKHMT rOR MtAiUMMCNiS 

GENERALIZED GEOLOGIC LOG 

-hps^f-
h o - T.o 54A/0/ G-f/Ayei.. V | 

iS.c t . j „ 4 . f SAP09 &AAV€L 

O-S' d">'^eitt- fi/ottd 
a tc j t - f' i*/pw j 'Crf^ 

J 
• < 

. a 

•*-l*: 

• ' 

ELEV. - TOP OF SURFACE CASINC:. 

LEV. - TOPOF RISER CASING: 

-GROUND SURFACE 
TUFSsr 

SUHFACE CASING 

OlA: ^ - y / F c A 

TYPE: S4^*J P V ' ^ *->/ /«ife*f Cfijp. 

BOTTOM OF SURFACE CASING 

BACKFILL MATERIAL 

J.-i ' /hs ^frhfit^t. f i r JaO< c^rvefi" 

RISER CASING 

DIA: o , t j ' L » . ^ a . i A ' a . o . 

TYPE: fcJ t 4 0 *)fC. 

TOP OP SEAL 

'». 

J 

^ ^ u i f Q p i U * / f j t ^ J h ^ H i t s i t t c l i p s 

/ j-acJC pl«c4d 

TOP OF FILTER PACK 

FILTERPACK 

TYPE: CoJotaJo S.ltc4. Tajfd ^ rotitidtJ 
/ 0 . 2 P £i.r. f i*iH S , t t 

i - JaeX-i f i a c t d . 

TOP OF SCREEN 

SCREEM: Shtf, / T M r t t f ^ t c h r t J ' 

TVPE: S k t , t t a * 

S(J, 4o ftfc X 

OPENINGS; WIDTH 0 . » 2 O f^cMi 0 . » l ' C/C 

TYPE; S f o i -

OlA: < J . / f 1.0 

0 . 2 » O . P 

.HOLE O'A 

BOTTOM OF SCREEN 

BOTTOM OF SUMP 

BOTTOM OF MOLE 

g meiits 

\ , 

r 

OEPTM ELEV 

O - O * 

J . /O 

/7 .7a 

J ia .a6 

ill*. 



I 
= RO-i '=- ' ." i '^-=: 

RESOURCE PRO 1 hU I lUtM VVtLL n c r w n i 

•;G J/STHO:;; 

/ ^ /t//(y-'// 

START CARD NO. A l - 2 , l ' ^ 0 

COUNTY: /•-<^r^^»7t-^?^ 7 — ^ 

LOCATIOM^/ * -xSii^''^ S * c J Z , T w n / 3 A / R / ^ 

t . Cascade ::r:Lllir-g, I n c . 

C'-^NS'J'.":^-' ?!R-V: ^ ^ m 

L O C A T I O M A ^ ' 

' STREET ADDRESS OP V/ELL: 

WATER LEVEL E- .EVATIOM: ^ / A 

GROUND SURFACE ELEVATION: 

I.\'STALL£D: . 

N/A 

DE^/ELOPEO:, 

I 
I _ • 

' - :.\\ ' .•> • 

\ h -

I 
I 

1 
I 

I 
I 
cc 

I 

; • • • \ 

I 
ALC 

CCVC: : . : i ; sov :-•?•:> 

533-/ 
'.V=LL DATA 

1 i^Jid^-^>^^ 
I I ^ ?0 :OR>/ATION DESCRIPTtCN 

;,'^;.;_r-:i.i:i :;o:<.:.-v_^. o.; 

•^ir---^" 

DEPTH 0 ? rORING 7 ^ 

P.-V5S or 

-Z/ft. 

f r -

f t . 

/ ^ i 

•'uTriL i '̂, 



r •S Fe«t__ 

^W'T2a W-12b 

fl t^mt Ground SurfBCB 

•S F««l. 

•10 F«flt i 

-15 Feet 

'20 P«et I 

-25 F«e' 
12Hn. d l . 

boring 

i Sted SoffaCB Casino } 

i _ CBfn«nt-8entgprt0 iVeut I 

BentCnitB Pel<ts | 

4-10. PVC Casing 
0.020 in. Wire-
WnotNtd ScrcBn 

Sand Filter Padc 

BoncffiCao 

Z't t . &8T1> 

. , ^ v ^ ^ 

RGURE 2 

SCHEMATIC DIAGRAM 
OF PROPOSE) 

MONITORING WELLS 

f t .0CA«^*«-Y«M« m t t a t 

] 
Bentonrt< PeJeta 1 

4-^n. FVCCaKnc 
OJOZO in. VW B̂-

Sand fgtar Pack j 

I 



PROJECTNAME: ^ ^ L_ 

W E U IDENTIFICATION N a __^ . 

DRILLING MgTHOD: L ^ f ^ h } ' 1 - T ' ^ ^ ' ^ «> ^ 

RESOURCE PROTECTION WELL REPORT 
. . START CARD NO. \ < - \ H L 9 . 0 

COUNTY: " ^ j Y ^ K ^ * ^ <^ 

L0CAT10N)»Vt.V/4 f ^ f L V* S a c ^ / Tvyn/"? R / ^ j j ^ /^ ^ ^ g 

OHII I P»- ^ 1 ^ ^ > g - " ^ ^ ' ^ ^ ^ ^ • 

SIGNATURE: V . J o X ^ s -Vs L y ^ — 

CONSULTING FIRM: ^ • • ^ ' ^ n ~ f X ^ J ^ 

REPRESENTATIVE: ' ^ i ^ r * d y L r ^ \ M ^ s > .-^ 

STREET ADDRESS OF WELL: _ _ i . 

WATER LEVEL ELEVATION:. 

GROUND SURFACE I 

INSTALLED: 

DEVELOPED: 

J S ^ 
SURFACE ELEVATION: 

ED: -i/<^fllQH 

5" 

I 

/•o-r 
I 

I 

I 

I 

I 

T 
I 
I 
I 

15'-

^'o-r 

I 
I 
1 
I 

± 

AS-BUtt.1 

SCALE: r 2 
ECY 050-12 (R«v. 11/89) 

W S a DATA 

/V-'g-W~ ^ ^,m Â«- "Y" 

^^^i^^ii^pk/fd^ 

ge^-î '̂-A^ 9^i \^ 

PAGE ± 

FORMATION DESCRIPTION 

OF 

^l 

^^c( ^ 3 ^ ^ ^ ^ ^ . 

JAN ^ 0 I99i 

± 



Environmental R«$oarc«j Management 

Project r ; rn i i n ( i W?1-Pr Mnn-J f Owner FMC 

Location ___JCaXil23 Project Number _J.2LQ5_ 

Boring Mnmhar W-13 Total Depth of Auger 1 fi f ^ Auger Diameter-l. i^^ ) 

Surface Elevation Water Level: Initial 4 . f i 7 -Fh 24-hrs. 

Total Depth of Soil Sampler 

Ground Water Sanple lnten/al(s). 

Drilling r.nmpany C a s c a d e 

Total Depth of Ground Water Sampler 

Drilling Method__HSA. 

nnii<.rc;fgTro P n < - i p r Log By TJITl Le¥i^ 1 I f f f l Dale Drilled^Z22Za.4 

Drilling Log 

Sketch Map 

Notes 
See Attached Site Map 
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Soil Description and Observations 
(Color. Texture, Structures, Odor, Foreign Matter) 

0-3' Black cilty clay loam 

3-5' Dark bro-wn silt vith fine gravel 

5-'8' Brovn fine-to medium sand with fine 
. ig'ta'vel, wet 

8- ijto-wn "f ine tomedi-um sand, wet 
14.5' 

14.5- Fine to coarse gravel with some fine 
?' to coarse sand 

Page of. 



ERM-NORTHWEST, INC. 
2821 Nofftup Way, Suite 100. Bellevue, WA 98004-1439; (206) 827-9574/Phone; (206) 827-2408/Fa;c 

MONITORING WELL INSTALLATION REPORT ERM 

WELL NUMBER: _ii;̂ T_3_ 
PROJECT NAME:_FMC_GWM_ 

AnnRPSS: 4 West Wash-ington Av. 
Yak ima, WA 

TYPE OF WELL: M o n i t o r i n a w e l l 
INSTALLATION 
CONTRACTOR: Cascade - n r i i l i n g m . 

INSTALLATION DATE: 6 / 2 7 / 9 4 
SURFACE ELEVATION: 

(FT ABOVE MSL) 
TOP OF CASING: 

(FT ABOVE MSL) 

SURVEYED 
WELL LOCATION:. 

SITE MANAGER: 

SURFACE GRADE 

2 FEET OR LESS 

I CASING CAP LOCK 

CONCRETE 

BACKFILL 
TYPE Grouting 

BLANK CASING 
TYPE PVC 

I 

DIAMETER 2 i n c h 

IMPERMEABLE SEAL 
TYPE Bpnhnn i tP Ŷ f̂ ^ lPf=: 
THICKNESS 1 f t 
QUANTITY 1.7S g a n ons 

SCREEN 
TYPE-EK 
niAMPTFR 2 i n c h 
SLOT S I Z E _ _ i O _ _ 

FILTER PACK 
TYPE S^^nri 
SAND SIZE- 10-70 

CASING TOTAL DEPTH 

BORING TOTAL DEPTH 



C U - / 3 ^ 
PROJECTNAME: r A / C_. 

WELL IDENTIFICATION NO. 4 / 9 / .' ^ y ^ ' 

DRILLING M E T H O D : ^ 

DRILLER: ^ T ^ - \J <^ ' " T ^ C L T - 6 - ^ ^ £ . . 

FIRM: Casc^d^ DrillincT, 

SIGNATURE: ^ 

CONSULTING F I R M : ^ • 

REPRESENTATIVE: U i ^Ho C u A - r ^ A-CCCj-Z-f 

RESOURCE PROTECTION WELL REPO.RT 
START CARD NO ̂ .Aini< 

COUNTY: 

LOCATION:J^y^ S'u.v, Soc ^ f Twn 15LJ R _(_f^/^ i p 

STREET ADDRESS OF WELL; <-/ i^fJ/^-ST" /.t yA 4-;/-< 

-^1 WATER LEVEL ELEVATION: 

GROUND SURFACE ELEVATION: 
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Environmental Rexoarces Management 

Project G r o u n d W a t e r M o n i t . Owner FMC 

Location Ya^^ i ^a Project Number 1 005 

Boring Miimhar W-14 Total Depth of Auger 16 f t Auger Diameter^- 2 5 1 ) 

Surface Elevation Water Level: Initial 24-hrs. 5 . 93 f t 

Total Depth of Soil Sampler 

Ground Waler Sample Interval(s). 

Drilling r.nmpany C a s c a d e 

Total Depth of Ground Water Sampler 

Drilling Method__HSA_ 

nriiiar S t e v e B u t l e r Log By T i m L e v a l l e n Date Dri l led6/27/94 

Sketch Map 

1) 

1 Notes 
See A t t a c h e d 
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Soil Descnption and Observations 
(C^lor. Texture, Structures, Odor, Foreign Matter) 

0-1.5' Brown silty clay loam 

1.5- Brown silty clay loam with medium 
4.5' gravel 

4.5- Brown medium sand with fine gravel 
5,5' 
5..B.-'8' "Fine to' medium sand with fine to 

Coarse :gravel 

•8-9,5'' Firie to'coarse sand with fine 
g.ravel, -v̂ et.. 

9.5-14' Coarse gravel with fine to coarse 
sand, wet 

14-14.5' Medium to coarse sand with fine 
to coarse gravel 

14.5-15' Coarse gravel with medium to coarse 
sand, wet 

Page. .Of. 



ERM-.NORTHWEST, INC. 
2321 Noftfiup Way. Suite 100, Bellevue, WA 98004-1439; (206) 827-9574/Phone; (206) 827-240a/rax 

MONITORING WELL INSTALLATION REPORT ERM 
WELL NUMBER: J L i H . 

PROJECT NAME:_FMC_GWM_ 
ADDRESS: 4 W e s t W s s h •! n g t o n a.r . 

VakiTTia . M2i 

TYPE OF WELL: M o n i t o r i n a w e l l 
INSTALLATION 
CONTRACTOR: Cascade D r i l l i n a Co. 

INSTALLATION DATE: 6 / 2 7 / 9 4 
SURFACE ELEVATION: 

(FT ABOVE MSL) 

TOP OF CASING: 
(FT ABOVE MSL) 

SURVEYED 
WELL LOCATION: 
SITE MANAGER: 

SURFACE GRADE 

* 2 FEET OR LESS 

1 
1 

CASING CAP LOCK 

CONCRETE 

BACKFILL 
TYPE G r o u t i n a 

BUNK CASING 
TYPE Pvr 
DIAMETER 2 i n c h 

IMPERMEABLE SEAL 
TYPE B e n t o n i t e p e l l e t s 
THICKNESS l i t 
QUANTITY 3.75 g a l l o n s 

SCREEN 
TYPE PVC 
niAMFTPR 2 i n c h 

SLOT •«̂ I7F 10 

FILTER PACK 
TYPE SaniL 

BORING DIAMETER 
^ V[ 

SAND SIZE- 10-20 

CASING TOTAL DEPTH 

BORING TOTAL DEPTH 



L d - ) i { 

PROJECT NAMC: r M C--

WELL IDENTIFICATION NO. ^ f ^ k \ f S / . ' S 

RESOURCE PROTECTION WELL REPO.RT 
START CARD NO 

COUNTY: W A f̂  I M f\ 

.£ini< 

DRILLING METHOD: AjUG^ibn-

DRILLER: ^ T " ^ - U / ^ " " " f? t. ( . ' T - ^ ^ / £ . 

Fl RM: CasqatJG" Drilling, jRy/ -̂^ 
SIGNATURE: gr^ w ^ 2^ 

L0CAT10N:_L1J£?/.I S \ J S U Sac 3 / . Twn l ^ t j R J _ f p £ , i -

STREET ADDRESS OF WELL: ^^ r J / ^ ^ T - * / i } A . /{v,<:: 

WATER LEVEL ELEVATION: , f 

CONSULTING FIRM: f- .^ jL-t^K 

REPRESENTATIVE: O ^ l O ( l u P f p ) / ^ ( - ( - G r - h f 

GROUND SURFACE ELEVATION: 

INSTALLED: C . - ~ S . 7 - ' 1 ^ 

N/A 

DEVELOPED: r ~ r 2 J f ' - ' ^ i / 

A3-SUILT 

^:>'is>-
WELL DATA 

WELL COVER 

CONCRETE SURFACE SEAL 
DEPTH = 1 / f t 

•PVC BLANK _d2_!!fL_4_L 

BACKFILL e>? ff-. 

PVC SCREEN ̂ :2_ "x y<o' 
SLOT SIZE: f?/r7 

GRAVEL PAa< ; ^ f t . 
MATERIAL:, 7 . ^ ^ , ; . 

WELL DEPTH y ,< ' 

FORMATION DESCRIPTION 

0 - d/ f t . 

^ -y ft. 
^sv^y V cutju/ îc 

9- - >>:̂  f t . 

SCALE: r 
± 
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ERM-WEST 
Environmental Resources Management 

Project Former Pesticide Facility 

Owner FMC 

Location Yakima. WA^ 

Project Number 2672.03 

Well/Boring No. MW-15 

Surface Elevation 

Screen: Dia. 

Casing: Dia. 

Total Depth 15.3 Diameter 10" 

2" 

Water Level: Initial N/A 

Length _I0; 

Ref. R. N/A 

Slot Size .010" 

Length 5' Type PVC 

Drilling Company Cascade Drilling Drilling Method Hollow stem auger 

Driller Rodney La Brosse Log by AMA Date Drilled 08/24/95 

FMC - Yakima 
Job #2672.03 

Drilling Log 
Sketch Map 

Notes 
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Description/Soil Classification 
(Consistency, Moisture, Color, Odor, Staining, Etc.) 
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AC 

GP 

Locking Cap -

Concrete 

2* diameter 

Bentonite Chips 

GP 

1 
50-6" W-15-8.0 

50-6" W-15-12.0 

Cap 

Asphaltic concrete (4") 

Brown angular to subrounded finr GRAVEL, little 
sand, loose, wet below 1.0 feet (FILL) 

Brown subrounded to rounded fine to coarse 
GRAVEL, little sand and cobbles, medium dense, 
wet 

Bottom of boring at 15.0 feet 
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ERM-WEST 
Environmental Resources Management 

FMC - Yakima 
Job #2672.03 

Drilling Log 
Project Former Pesticide Facility 

Owner FMC 

Location Yakima, WA 

Project Number 2672.03 

Well/Boring No. MW-16 

Surface Elevation 

Screen: Dia. 2" 

Casing: Dia. 2" 

Total Depth 15.9' Diameter 10" 

Water Level: Initial N/A 

Length lO; 

Ref. R. N/A 

Slot Size .010" 

Length 6" Type PVC 

Drilling Company Cascade Drilling 

Driller Rodney La Brosse Log by AMA Date Drilled 08/24/95 
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Description/Soil Classification 
(Consistency, Moisture, Color, Odor, Staining, Etc.) 

Concrete 

2* diameter 

Bentonite Chips 

W-16-8.5 

No recovery 

1 ; -

Cap 

Brown gravelly fine to medium SAND, trace to little 
silt, loose, moist 

Brown subrounded to rounded fine to coarse 
GRAVEL, some sand, scattered cobbles, medium 
dense, moist 
Wet below 3.5 feet 

Bottom of boring at 15.0 feet 
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ERM-WEST 
Environmental Resources Management 

Project Former Pesticide Facility 

Owner FMC 

Location Yakima, WA 

Project Number 2672.03 

Well/Boring No. MW-17 

Surface Elevation 

Screen: Dia. 2" 

Casing: Dia. 

Total Depth 16.2' Diameter 10' 

Water Level: Initial N/A 

Length lo; 

Ref. Pt N/A 

Slot Size .010" 

2" Length 6.5' Type PVC 

Drilling Company Cascade Drilling 

Driller Rodney La Brosse Log by AMA Date Drilled 08/24/95 

FMC - Yakima 
Job #2672.03 

Drilling Log 
Sketch Map 

Notes 
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Description/Soil Classification 
(Consistency, Moisture, Color, Odor, Staining, Etc.) 
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SP Concrete 

T diameter 

Bentonite Chips 

GP 

22 
50-6" W-17-8.5 

26 
50-6" W-17-13.5 

i ^ l i^ 

co! 

Cap 

Brown gravelly fine to medium SAND, trace to little 
silt, loose, moist 

Brown subrounded to rounded fine to coarse 
GRAVEL, some sand, trace to little silt, scattered 
cobbles, medium dense, moist 
Wet below 3.0 feet 

Bottom of boring at 15.0 feet 
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Appendix C 



APPENDIX C 

HELP MODEL OUTPUT 
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** ** 
** ** 

** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3.01 (14 OCTOBER 1994) ** 
* * DEVELOPED BY ENVIRONMENTAL LABORATORY * * 
** US AE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
^ f > l f ! l l t ^ f ^ t l t l < ^ * < ^ * ! | ^ l | ^ ^ | l ^ ^ M f ^ f l ^ ^ f t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* * * « : | i : | i 4 [ i | i > | c i | i 4 i « * * ! ) : : | < : t i « « « « i | c : t : : | c « « * ! | c « * * « * i | i « « « « * * « * * > l < « * * * * * * * * 4 > * * * * > | s * * « > l > > l < « * * * * * * « * * * > l < * * 

PRECIPITATION DATA FILE: C:\HELP3\PREYAK.D4 
TEMPERATURE DATA FILE: C:\HELP3\TEMPYAK.D7 
SOLAR RADLMTON DATA FILE: C:\HELP3\SRYAK.D13 
EVAPOTRANSPIRATION DATA: C:\HELP3\ETYAKIMA.D 11 
SOIL AND DESIGN DATA FILE: C:\HELP3\DATA10,D10 
OUTPUT DATA FILE: C:\HELP3\YAKK.OUT 

TIME: 15:12 DATE: 10/27/1997 

it<4>** + « * * * * « « * « « * * * * 4 > * * * > l < * * « 4 < « > l > * > l > > | c « > l < « « 4 < « « « * > l < * * * « * « * > l < * * * * « * 3 | < * « * > l < * * * * * * * * 4 < * * : | i > | i * « * 

TITLE: FMCYAKIMA 

« « « * : f : ( l : t l * * * « « * « i t l « « i | l * > | i « 4 < > l < « 4 > * * * * > l < * * * * * « * * « * ' l > * * > l < * * * * * * * * * * « « > l < * * « * * * * * « * * * * * * * * « * * * 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 6 

THICKNESS = 36.00 INCHES 
POROSITY = 0.4530 VOL/VOL 
FIELD CAPACITY = 0,1900 VOLA^OL 
WILTING POINT = 0.0850 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.1472 VOL/VOL 

file://C:/HELP3/PREYAK.D4
file://C:/HELP3/TEMPYAK.D7
file://C:/HELP3/ETYAKIMA.D
file://C:/HELP3/YAKK.OUT


EFFECTIVE SAT. HYD. COND. = 0.72000001 lOOOE-03 CM/SEC 
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.34 

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 4 

THICKNESS = 36,00 INCHES 
POROSITY = 0.4370 VOL/VOL 
HELD CAPACITY = . 0.1050 VOL/VOL 
WILTING POINT = 0.0470 VOiyVOL 
INITIAL SOIL WATER CONTENT = 0.1165 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.170000002000E-02 CM/SEC 

LAYER 3 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 8 

THICKNESS = 24.00 INCHES 
POROSITY = 0.4630 VOL/VOL 
FIELD CAPACITY = 0.2320 VOL/VOL 
WILTING POINT = 0.1160 VOLA^OL 
INITIAL SOIL WATER CONTENT = 0.2121 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.369999994000E-03 CM/SEC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 6 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF l.% AND 
A SLOPE LENGTH OF 70. FEET. 

SCS RUNOFF CURVE NUMBER = 86.30 
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE = 0,100 ACRES 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES 
INITIAL WATER IN EVAPORATIVE ZONE = 3.020 INCHES 
UPPER LIMIT OF EVAPORATIVE STORAGE = 10,872 INCHES 
LOWER LIMIT OF EVAPORATIVE STORAGE = 2.040 INCHES 
INITIAL SNOW WATER = 0.000 INCHES 



INITIAL WATER IN LAYER MATERLDLS = 14.583 INCHES 
TOTAL INITIAL WATER = 14.583 INCHES 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
YAKIMA WASHINGTON 

MAXIMUM LEAF AREA INDEX = 0.50 
START OF GROWING SEASON (JULIAN DATE) = 108 
END OF GROWING SEASON (JULIAN DATE) = 292 
AVERAGE ANNUAL WIND SPEED =7.10 MPH 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 70.00 % 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 49.00 % 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 49.00 % 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 73.00 % 

NOTE: PRECIPITATION DATA FOR YAKIMA WASHINGTON 
WAS ENTERED FROM THE DEFAULT DATA FILE. 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFHCIENTS FOR YAKIMA WASHINGTON 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

28,20 36.10 41.90 49.20 57.30 64.50 
70.40 68.60 60.90 49.90 38.20 31.50 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFHCIENTS FOR YAKIMA WASHINGTON 

STATION LATITUDE = 46.34 DEGREES 

* « * i | c 3 | i 4 I i | I * « s | I l K : t i 4 < * l | < * * « i | ' * : | l * * « : | l 4 l 4 l * s | l « * * * * * * * « * * * * * * * * « * * * * * « * * * * > l ' 4 > * > | i * * 4 l * > l l * * « * * * « * * > l < > | I * * 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1974 



JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 1.67 0.85 1.21 1.46 0,80 0.12 
0.18 0.00 0.02 0.45 0.30 1.14 

RUNOFF 0.938 0.000 0.000 0.023 0.000 0.000 
0.000 0.000 0,000 0.000 0,000 0.000 

EVAPOTRANSPIRATION 0,647 1.032 1.598 1.342 1.379 0.157 
0.154 0.023 0.020 0.023 0.670 0,581 

PERCOLATION THROUGH 0.0229 0.0194 0.0204 0.0188 0.0183 0.0168 
LAYER 3 0.0168 0.0160 0.0148 0.0147 0.0137 0.0135 

i | i i f : ) i * * * « * > | i 4 i i ^ i | i « * * « > | c « « « * « « « « 4 [ « « : K « * * * * * s | > * « * * * * « « « 4 < * ' l ' > | i * * > | : * * « * « * * « « * * * * * * * < l < * * « « * > l ' « * * * 

ANNUAL TOTALS FOR YEAR 1974 

INCHES CU. FEET PERCENT 

PRECIPITATION 8.20 2976.601 100.00 

RUNOFF 0.961 348.804 1172 

EVAPOTRANSPIRATION 7.626 2768.176 93,00 

PERC/LEAKAGE THROUGH LAYER 3 0.206154 74.834 2.51 

CHANGE IN WATER STORAGE -0.593 -215.214 -7.23 

SOIL WATER AT START OF YEAR 14.583 5293.605 

SOIL WATER AT END OF YEAR 13.990 5078.391 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 0.001 0.00 

« * « l | I i | i ] | c * : | I : | I I | l * s | I * i | c « « H l « « * * « « « « « * * « * l | E * * * * * * * * * * 4 l s | I * * * « > l < * * * < l < * « > l < * * * * > l < * > | c * * * « * * « * * * * « « > l < > l < * * 



^ i i i m i t ^ ^ m * * * * * * * * * * * * * * * * * ^ ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1975 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 2.28 1.16 0.49 0,40 0.23 0.22 
0.18 2.10 0.00 0.79 0.43 0.55 

RUNOFF 0.387 0.822 0.010 0.000 0.000 0.000 
0.000 0.077 0,000 0.000 0.000 0.067 

EVAPOTRANSPIRATION 0.548 0.828 1,554 0.649 0.331 0,135 
0.193 1.762 0.368 0.500 0.432 0.332 

PERCOLATION THROUGH 0.0131 0.0114 0.0121 0.0113 0.0108 0.0104 
LAYER 3 0.0104 0.0100 0.0094 0.0094 0.0088 0.0089 

i i i i i < « * * « * « * * * « « * > i < « * * « * « > i ' « * « « * * * * « « 4 i « * * * > i > > i i * * * * * * * > i < « * * * ' i i « * * * i i < « * « * * * * ' i < > i > « * * * ' i > * > i < * « ' i < * * * 

I I I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ! ! ! * * * * * * * * * * * * * * ' ! ! * * * * * * * * * * * * * * * * * * * * * ' ! ' * * * 

ANNUAL TOTALS FOR YEAR 1975 

INCHES CU. FEET PERCENT 

PRECIPITATION 8.83 3205.292 100.00 

RUNOFF 1.364 495.056 15.44 

EVAPOTRANSPIRATION 7.635 2771.350 86.46 

PERC/LEAKAGE THROUGH LAYER 3 0.125833 45.677 1,43 

CHANGE IN WATER STORAGE -0.294 -106794 -3.33 

SOIL WATER AT START OF YEAR 13.990 5078.391 

SOIL WATER AT END OF YEAR 13.696 4971.597 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 0.002 0.00 

******************************************************************************* 



******************************************************************************* 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1976 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 0.56 0.78 0.70 0.33 0.09 0.69 
0.26 0.50 0,13 0.07 0.00 0.07 

RUNOFF 0,059 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0,481 0.540 0.788 0.875 0.118 0.495 
0.480 0.275 0.218 0.170 0.035 0.048 

PERCOLATION THROUGH 0.0089 0.0076 0.0082 0.0078 0.0078 0.0076 
LAYER 3 0.0077 0.0075 0.0072 0.0073 0.0070 0.0071 

******************************************************************************* 

* ****************************************************************************** 

ANNUAL TOTALS FOR YEAR 1976 

INCHES CU. FEET PERCENT 

PRECIPITATION 4.18 1517.340 100.00 

RUNOFF 0.059 21.458 1.41 

EVAPOTRANSPIRATION 4.523 1641.689 108.20 

PERC/LEAKAGE THROUGH LAYER 3 0.091848 33,341 2.20 

CHANGE IN WATER STORAGE -0.494 -179.147 -11.81 

SOIL WATER AT START OF YEAR 13.696 4971.597 

SOIL WATER AT END OF YEAR 13.202 4792.450 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0,0000 -0.001 0.00 

******************************************************************************* 



******************************************************************************* 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1977 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 0.12 0.31 0.62 0.01 0,64 0,50 
0.00 1.16 0,89 0.17 0.70 2.80 

RUNOFF 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0,000 0.000 1.620 

EVAPOTRANSPIRATION 0.131 0.049 0.916 0.008 0.553 0.625 
0.000 0.620 1.065 0,392 0.286 0.563 

PERCOLATION THROUGH 0.0070 0.0063 0.0069 0.0066 0.0066 0.0064 
LAYER 3 0.0067 0.0066 0.0063 0.0065 0.0062 0.0064 

******************************************************************************* 

******************************************************************************* 

ANNUAL TOTALS FOR YEAR 1977 

INCHES CU. FEET PERCENT 

PRECIPITATION 7.92 2874.961 100.00 

RUNOFF 1.620 587.910 20.45 

EVAPOTRANSPIRATION 5.207 1890.056 65.74 

PERC/LEAKAGE THROUGH LAYER 3 0.078526 28.505 0.99 

CHANGE IN WATER STORAGE 1.015 368.488 12.82 

SOIL WATER AT START OF YEAR 13.202 4792.450 

SOIL WATER AT END OF YEAR 13.929 5056.279 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.288 104.659 3.64 



ANNUAL WATER BUDGET BALANCE 0.0000 0.002 0.00 

******************************************************************************* 

******************************************************************************* 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1978 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 2.27 1.33 0.52 0.91 0,28 0.32 
0.29 0.38 0.64 0.00 0.76 0.32 

RUNOFF 1.455 0.299 0.014 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.526 0.830 1.735 0.763 0.385 0.388 
0.488 0.432 0736 0.000 0.339 0.560 

PERCOLATION THROUGH 0.0063 0.0057 0.0063 0.0060 0.0061 0.0059 
LAYER 3 0.0061 0.0061 0.0059 0.0060 0.0058 0.0060 

******************************************************************************* 

* ****************************************************************************** 

ANNUAL TOTALS FOR YEAR 1978 

INCHES CU. FEET PERCENT 

PRECIPITATION 8.02 2911.261 100.00 

RUNOFF 1.768 641.871 22,05 

EVAPOTRANSPIRATION 7.181 2606.651 89.54 

PERC/LEAKAGE THROUGH LAYER 3 0.072205 26.211 0.90 

CHANGE IN WATER STORAGE -1.001 -363.472 -12.49 

SOIL WATER AT START OF YEAR 13.929 5056.279 

SOIL WATER AT END OF YEAR 13.216 4797.466 

SNOW WATER AT START OF YEAR 0.288 104.659 3.59 



SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 0.001 0.00 

******************************************************************************* 

******************************************************************************* 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 

TOTALS 1.38 0.89 0.71 0.62 0.41 0.37 
0.18 0.83 0.34 0.30 0.44 0.98 

STD. DEVIATIONS 0.99 0.39 0.29 0.57 0.30 0.23 
0.11 0.82 0.40 0.32 0.31 1.09 

RUNOFF 

TOTALS 0.568 0.224 0.005 0.005 0.000 0.000 
0.000 0.015 0.000 0.000 0.000 0.337 

STD. DEVIATIONS 0.620 0.359 0,007 0.010 0.000 0.000 
0.000 0.034 0.000 0.000 0.000 0.717 

EVAPOTRANSPIRATION 

TOTALS 0.467 0.656 1.318 0.727 0.553 0.360 
0.263 0.622 0.481 0.217 0.352 0.417 

STD. DEVIATIONS 0.197 0.382 0.433 0.481 0.487 0.213 
0.214 0.674 0.419 0.222 0.231 0.230 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 0.0116 0.0101 0.0108 0.0101 0.0100 0.0094 
0.0095 0.0093 0.0087 0.0088 0.0083 0.0084 

STD. DEVIATIONS 0.0068 0.0057 0.0058 0.0053 0.0050 0.0045 
0.0044 0.0041 0.0036 0.0036 0.0032 0.0031 

******************************************************************************* 



« * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978 

INCHES CU. FEET PERCENT 

PRECIPITATION 7.43 ( 1.851) 2697.1 100.00 

RUNOFF 1.154 ( 0.6845) 419.02 15,536 

EVAPOTRANSPIRATION 6.434 ( 1.4645) 2335.58 86.596 

PERCOLATION/LEAKAGE THROUGH 0.11491(0.05505) 41714 1.54661 
FROM LAYER 3 

CHANGE IN WATER STORAGE -0.273 ( 0.7650) -99.23 -3.679 

******************************************************************************* 



****************************************************************************** 

PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978 

(INCHES) (CU. FT.) 

PRECIPITATION 1.40 508.200 

RUNOFF 1.620 587.9096 

PERCOLATION/LEAKAGE THROUGH LAYER 3 0.000863 0.31333 

SNOWWATER 2.15 780.9247 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.1943 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0822 

****************************************************************************** 



****************************************************************************** 

HNAL WATER STORAGE AT END OF YEAR 1978 

LAYER (INCHES) (VOL/VOL) 

1 4.4942 0.1248 

2 4.0430 0.1123 

3 4.6789 0.1950 

SNOW WATER 0.000 

****************************************************************************** 
* ***************************************************************************** 




